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CHAPTER - 1 
I N T R O D U C T I O N 
The whole biosphere took many million years to develop 
into its present form. The development of its various biotic 
and abiotic components including the air, water, soil etc. 
at a favourable rates helps it to maintain the delicate 
balance of this vast ecosystem. But the nature of the air, 
water and soil is constantly being changed through their 
interaction with living things. Man's activity has now 
acquired the potential of artificiality due to development 
of technology, advancement in science, growth in population 
and increased industrialisation, to disturb the balance of 
biosphere. Introduction of large amounts of pollutants in 
the environment causes serious problems for the life on 
earth. 
Water is an essential ingredient for sustenance of 
life as well as for developmental needs, may it be 
irrigation, industry, municipal or hydro-power etc., while 
the traditional notion that water is an unlimited resource, 
no longer holds good in developed and developing countries. 
The availability in nature globally in terms of quantity and 
quality of usable water for diverse purpose is scarce and 
nearly constant. India sustains about 17 per cent world 
population with only 4.3 per cent of total average annual 
run off, v;hereas its availability in nature is highly uneven 
both, spatially and temporally particularly, irrigational 
water in India involves high capital and operative cost. 
India has reached to a stage of development where 
transformation is taking place from an agricultural base 
towards an industrial core, resulting in rapid increase in 
number of industrial installations, which will not only 
increase the liquid waste in large quantity but also claims 
for more and more freshwater input, which will lead to 
scarcity of water resource. While, the improper and 
indiscriminate disposal of generated large volume of 
wastewater from present industries are already posing 
serious environmental deterioration. 
The use of land as a receptor of wastewater has been 
practicised for hundred of years in the world. History 
records that irrigation with wastewater was being practised 
in Athens before the birth of Christ. Sewage farming was 
used in Germany as early as the 16th century, first 
introduced in united States during 1870s and parts of Europe 
and Asia have long histories of using their wastewater to 
land- After the industrial revolution in 18th century, 
industrial wastewater further compounded the problem. In 
order to avoid the the discharges of industrial effluents 
into aquatic ecosystem and restoring their ecology, it was 
diverted to lands. However, the psychological problem of 
colour and odour associated with industrial effluents have 
worked against popularising its use in agriculture for 
irrigation, although, it contains various amounts of 
essential nutrients (Bole and Bell, 1978; Sahai et £l. , 
1985; Misra and Behera, 1991). According to one estimation 
total effluent generated annually by distilleries alone can 
meet the potassium requirements to about 10 lakh hectares, 
nitrogen of 2.25 lakh hectaresand phosphorus of 75 thousand 
hectares, without affecting its sustainability (Josh and 
Kalra, 1995). 
For realising the full potential of agriculture, water 
is the most critical input beside this, farmers investment 
and their confidence greatly depends upon the quantum of 
water available and reliability of its supply at required 
time, required quantity and duration, but ironically in 
India its availability is unrealiable, unpredictable and 
inequitable. Even today about 70 per cent of land of our 
country is unirrigated and depends on the vagaries of 
monsoon for water supply. On the basis of current estimates 
of availability and use, by 2000 AD there will be a 
shortfall in meeting agricultural demands, even if there is 
total withdrawal from all available sources. Therefore, the 
reuse of wastewater is foremost attention drawing field. 
In India, nearly 3650 million cubic meters of sewage 
wastewater and 750 million cubic meters industrial effluent 
flows into rivers per day . Mathura refinery alone 
discharges nearly 16000 cubic meters wastewater per day. It 
is treated before disposal through a modern effluent 
treatment plant (ETP) employing physical, chemical and 
biological process and releases it into the effluent 
channel. This water is used by local farmers for irrigation 
purpose. 
Fertilizer is one of the key inputs and played a 
pivotal role in achieving green revolution in India, but 
owing escalating cost of different inputs and 
non-availability of raw materials, it is beyond the perchase 
power of the common farmer. Beside this, its excessive and 
faulty use has created number of problems in the soil 
environment. Therefore, the farmers are in urgent need of an 
alternative renewable source of nutrient supply to the 
crops. Since many advantages are associated with organic 
farming when compared to inorganic one and is an age old 
practice in India. Thus the farmers are continuously 
switching over in even industrially advanced centuries 
towards this alternative using farmyard manure as a source 
of nutrient to crop plants, which is not only advantageous 
but is an easyly available and low cost source, ecological 
sound, viable and sustainable farming system. 
India's population predominantly being vegetarian and 
its economy is primarily agricultural based, so here 
cultivation of leguminous crops, specially pulses, fulfil 
twin objective, firstly, pulses are main and cheaper source 
of dietary protein (20-30%) and secondly, they play an 
important role in economy of Indian agriculture by virtue of 
its ability to fix atmospheric nitrogen in symbiotic 
association. The other unique features which make pulses 
indispensable are, being rich source of energy, minerals and 
certain vitamins, it plays a key role in rectifying 
malnutrition. The deep penetration of their root system 
enables them to utilize the limited available moisture more 
efficiently than any other crops and than contribute 
substantially in loosening up of soil and is an important 
component of crop rotation. Pulses also provide 
nutritionally green fcoder and feed to the livestock. India 
has been distinct in being the worlds larger producer of 
pulses, but ironically the production is not adequate to 
ensure 80 grams per capita availability, the minimum 
recommendation of World Health Organisation (WHO) and of 
Food Agriculture Organisation (FAO). In fact, it has been 
dropped from 64 grams during mid fifties to less than 40 
grams at present. This decline has been attributed to an 
stagnation in area whereas, population has increased many 
fold. Most importantly the pulses are cultivated under 
rainfed and marginal lands with low input and without any 
proper management and plant protection. On account of 
erratic behaviour of monsoon, pulse grain production in 
1991-92 fell by 16.1 per cent. This drop in production could 
have been increased after proper supply of irrigational 
water. 
Pulses covered an area of 18.1 per cent of all food 
grain and contribute only 8 per cent of total production, 
which is lower by 38.5 per cent productivity even to the 
coarsed cereals. Lentil is an important winter season pulse 
crop and requires minimum plant protection measures. 
Presently area under this crop is around 0.9 million 
hactares with production of 0.45 million tonnes. 
Keeping these points in view, it is proposed to study 
the impact of treated refinery wastewater on lentil. The 
following four field experiments will be conducted at the 
Agricultural Farm of Mathura Refinery, Mathura. 
1. To study the effect of treated refinery wastewater and 
groundwater on various cultivars of lentil and selection 
of suitable cultivar, on the basis of growth, yield and 
quality. 
2. To study the effect of treated refinery wastewater and 
groundwater on lentil, with various doses of basal 
fertilizer nitrogen and selection of optimum dose, on the 
basis of growth, yield and quality. 
3. To study the effect of treated refinery wastewater and 
groundwater on lentil, with various doses of basal 
farmyard manure and selection of optimum dose, on the 
basis of growth, yield and quality. 
4. To find out the best combination of basal nitrogen and 
farmyard manure for lentil under treated refinery 
wastewater and groundwater. 
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CHAPTER - 2 
REVIEW OF LITERATURE 
2.1 Introduct-ion 
Industrialisation, urbanisation and population 
explosion have resulted in considerable increase of waste-
water and decrease in its quality. This increase in volume 
of wastewater has become a serious problem for its disposal. 
The quantity and quality of industrial wastewater varies 
from industry to industry, which is in accordance with the 
types of product dealt by industry. Thus plants respond 
differently to each industrial effluent. While working on 
plants, a number of workers in India and abroad has observed 
the impact of different industrial effluent like. Paper and 
Pulp Industry, Dairy, Swine, Brewery, Olive processing. 
Abattoir> Meat processing. Pharmaceutical factory. Palm oil. 
Refinery, Cheese plant. Sugar factory, i yeing factory. Soap 
factory. Vegetable processing. Alum factory. Distillery, 
Electroplating, Vegetable ghee manufacturing. Textile, 
Suger mill. Tannery, Fertilizer factory. Chemical industry. 
Thermal power, Chlor alkali and Rubber factory. 
''2.2 Impact of Industrial Wastewater on Crops 
Marchulenene (1978) at Vil'nus reported that 
wastewater from the cellulose paper industry diluted 100 
times, depolarised the cellular membranes of the water 
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plants and decreased the potential difference between the 
vacuole cells and the environment in the first minute of 
action. 
Sutton et a_l. (1978) studied the effect of liquid 
swine waste application on corn yield and soil chemical 
composition at W. Lafayette (USA). Applying it annually at 
rates of 45, 90 and 134 t/ha, soil Na, nitrate-N and 
extractable P concentrations increased with increasing waste 
application rate, while Na, K and NO, moved downward in the 
soil profile. Downward movement of NO- was observed to 
greater extent in fertilizer-treated plot than in waste-
treated plot. Two years of waste application had no 
determinental effects on the chemical composition of the 
silt loam soils. Yields were higher from plots treated with 
wastes and inorganic fertilizer (168 kg N/ha, 56 kg P/ha, 
112 kg K/ha) compared to check plot. Corn yields increased 
with increasing rates of waste application upto 90 t/ha 
rate/ then levelled off. N, P and K concentrations in corn 
ear/ leaf tissue increased with increasing waste 
application. 
McAuliffe et al. (1979) at Palmerston (New Zealand) 
experimented sprays irrigation of dairy factory wastewater 
onto pasture which had received it for 15 years. Effluent 
had larger quantities of N, P and its application resulted 
marked increase in the inorganic and organic fractions of 
these nutrients in the soil/ lower bulk density/ higher 
level of soil respiration and increased earthworm number. 
Leaching of large quantity of N and P was noticed. 
Rajannan and Oblisami (1979) at Coimbatore investi-
gated the effect of paper factory effluents on soil and crop 
plants. The effluent was alkaline, contained large amounts 
of suspended and dissolved solids, high BOD, COD, high 
carbonate content, Ca, Mg and chloride concentrations. The 
undiluted effluent drastically affected the germination of 
rice, blackgram and tomato seeds, growth as well as vigour 
index of seedlings. It also causes an increase in the pH, 
organic matter and available nutrient contents of red and 
black soils.Though the diluted effluent inhibited the growth 
of the plants, the diluted effluent (25 to 50%) however, 
enhanced the growth. Rice crop tolerated the pollutant 
effect much better than the black gram and tomato. The 
available nutrients like N, P and K in the soils treated 
with diluted effluents was more than those treated with 
normal irrigation water. 
Disposing palm oil mill effluent (POME) on land. 
Wood et £l. (1979) from Seremban (Malaysia) brought into 
notice that raw POME readily cause clogging and logging of 
the soil and kills vegetation on contact, but these problems 
can be controlled by judicious application of small 
quantities at a time, under crops including oil palms. In 
three year old trials, there were improvement in soil 
structure and extra yield. 
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Working the effects of refinery wastewater and the 
sinyle effect of its major pollutants on commercially 
interested crops, Al-Nakshabandi et_ al. (1980) reported 
effluents enrichment with NH_, H2S, oil and phenol. Crude 
wastewater affected germination of radish not other tested 
crops (corn, barley and alfalfa), while all crops tolerated 
all types and concentrations of pollutants in the 
formulated irrigation water and the crude wastewater from 
the refinery, except the unusually high pollutant 
concentration of the crude wastewater. The growth of the 
crops under all treatments exceeded the growth of the 
controls. 
Greene et £1^ . (1980) at Laramie studied farage 
production utilizing cheese plant effluent under high 
altitude conditions. There result indicated the effluent 
did not contain compounds which significantly inhibited the 
growth of forage species. Twenty forage species were 
established at the land disposal site. 
Overcash and Pal (1980) studied characterization and 
land application of seafood industry wastewater. They 
pointed out that soil plant systems are capable of 
utilizing seafood industry wastewater with little or no 
pretreatment requirements. Raw wastewater contain 
substantial plant nutrients including nitrogen, phosphorus 
and calcium. Bulk volume and composition of waste were 
characterized for average size plant. 
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Investigating the effect of long term land disposal 
of wastewater from a beet sugar factory on soil, Shayegan 
and Sanai (1980) from Tehran (Iran) emphasized that 
nutritive elements of leaching wastewater get precipitated 
in soil and then are immediately absorbed by plants during 
the next growing season. They also reported that 
non-soluble compounds such as calcium and magnesium 
carbonate are filtered by top layers of soil while more 
soluble salts are carried to much lower depths. Simple 
treatment of upper soil layer which had damaged due to 
accumulation of various constituents during the past 10 
years of continuous operation/ made it still reproductive. 
Mishra et^  al^ . (1981) from Delhi worked on problems 
of recycling of refinery effluents for agriculture and they 
reached to the conclusion that/ with adequate treatment and 
precautions treated refinery effluent can be used for the 
irrigation of crops near inland refineries for the final 
disposal to prevent pollution of surface water. Continuous 
monitoring of soils and ground water will ensure proper 
renovation of effluent and to prevent the development of 
undesirable soil conditions. 
In an eight years of exhaustive experiment on paper 
mill effluent for sugarcane irrigation/ Reddy et al.. (1981) 
from Hyderabad reached to the conclusion that the effluent 
can successfully be used for irrigation of sugarcane/ which 
increases about 20% in sugarcane yield without affecting 
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the quality of cane or the soil. They concluded that paper 
mill effluent as irrigant will be a financial gain, beside 
this it offers an alternative to grow high yielding 
varieties of sugarcane instead of low yielding ones 
resistance to drought conditions. 
Singh (1981) at Muzaffarnagar investigated the 
effect of the paper mill effluent on percentage of 
germination/ speed of germination index and seedling growth 
of Pi sum sativum L. (var. T.-163) and Lens esculenta Moench. 
(var. L9-12). When different concentrations of the effluent 
were given to the seeds for soaking times of 4 and 8 hrs. 
It was observed that in higher concentrations and long 
soaking treatment, only the percentage of germination, 
speed of germination index and seedling growth were 
markedly affected. 
Murty and Raju (1982) in India investigated at 
waltair, the effects of alum factory effluents on seed 
germination and growth of seedlings of green gram. 
Physico-chemical analysis of effluent indicated high 
amounts of dissolved salts, aluminium, iron and sulphate 
ions and it was highly acidic. Taking different 
concentrations of effluent, the result showed that at 25% 
concentration, shoot inhibition was more than root 
inhibition. At 50% concentration growth of both these 
organs was drastically inhibited, while at 75% and 100% 
concentrations total inhibition of shoot and further 
inhibition of roots were noticed. 
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Ajmal and Khan (1983) investigated the effect of 
sugar factory effluent from Aligarh and Bulandshahr on soil 
and crop plants. They noticed that effluents were high in 
various solids, COD, BOD, chlorides, sulphates and had low 
dissolved oxygen and moderately alkaline pH. Using four 
concentrations (100, 75, 50 and 25%) to kidney bean and 
millet, they observed that the germination was 100% in the 
water-irrigated soil, while it was between 99% and 91% in 
other concentrations. The water and 25% effluent irrigated 
soils were found suitable for germination. They suggested 
that the sugar factory effluent be used for irrigation 
after dilution. 
Both, field and laboratory experiments were 
conducted by Bhiravamurty and Appala (1983) at Waltair to 
evaluate the effect of alum factory effluent on finger 
millet Elusine coracana (L.). Laboratory studies using 
ammonium alum effluent water and potassium alum showed a 
reduction in percentage germination, root and shoot growth, 
while LD-50 was at 10.0, 20.0 and 22.6% respectively. Field 
experiment with effluent water revealed stimulation of 
growth in the above ground parts at low concentration 
followed by a reduction together with overhead 
abnormalities at high concentrations. 
Goel and Mandavekar (1983) from India reported that 
when Cyamopsis tetragonoloba irrigated with 10% distillery 
waste, more nodulation was observed. Whereas, higher 
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concentrations of distillery waste increased the salt 
contents and organic matter in the soil thuS/ supressing 
the nodulation but in such conditions more nitrogen was 
absorbed by the plants. 
Electroplating wastewater contains heavy metal 
complex ions and cyanides as a pollutant which induce 
chromosomal aberrations in Allium cepa and higher 
concentrations of these pollutants increase mutation rate, 
was confirmed by Samashekar and Arekal (1983) at Mysore. 
Shinde and Trivedy (1983) in India evaluated the 
effect of distillery wastewater irrigation on agronomical 
characters of Abelmoschus esculentus and Zea mays at 
germination stage. High concentration of distillery waste 
(25 to 50%) inhibited germination and reduced seedling 
height and dry matter production of Abelmoschus esculentus 
and Zea mays. But 10% of the waste in the irrigation water 
proved to be beneificial. Reduction in roat length was 
observed with all dilutions. Zea mays was found to be more 
tolerant to distillery waste than Abelmoschus esculentus. 
Ajmal and Khan (1984a) carried out extensive work at 
Aligarh to study the effect of brewery effluent on 
agricultural soil and crop plants like wheat and pea. The 
effluent was found to be acidic in nature and had high BOD, 
COD and large amounts of solids. It was rich in ammonia, 
nitrate nitrogen, phosphorus and potassium and its 
application to the soil increased the values of available 
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nutrients in the soil. The germination of pea and wheat 
seeds was restricted to 80% and 90% respectively, when 100% 
effluent was used for irrigation, whereas germination was 
quick with 50% and 25% effluent. The growth of plant was 
slow with 100% effluent, while it was enhanced by using 50% 
effluent for irrigation. 
In another study Ajmal and Khan (1984b) at Aligarh 
tested the effluent of vegetable ghee manufacturing factory 
for experimental purpose. They reported that effluent 
showed high value of total solids, NH^-N, NO^-N, COD, BOD, 
chlorides and sulphates and considerable amounts of 
phosphorus, potassium, magnesium, calcium and traces of 
heavy metals (Fe, Mn, Cr, Cd, Zn, Cu, Co, Pb and Ni) . The 
germination of pea and mustard seeds was delayed and 
restricted to 90% of normal, when diluted effluent was used 
for irrigation whereas, germination was normal with other 
effluent concentrations. Undiluted effluent inhibited the 
growth of plants whilst, 75% effluent enhanced it. 
Ajmal et^  al^ . (1984) further studied the effects of 
industrial dairy processing effluent on soil and plants, 
like kidney bean and pearl millet. Physico-chemical 
analysis of effluent revealed that it was slightly alkaline 
and had high BOD, COD and rich in bicarbonate and calcium. 
The undiluted effluent restricted the germination of kidney 
bean to some extent, while that of pearl millet was 
enhanced. 100% effluent retarded the height of plants of 
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both crops whilst, 25% effluent in kidney bean and 75% 
effluent in pearl millet, enhanced it considerably. 
Studying the effect of crude oil pollution on 
germination of Zea mays and Capsicum frutescens, Amakiri 
and Onofeghara (1984) from Port Harcourt (Nigeria), 
reported that crude oil inhibited the germination of all 
seed types used, rate of germination decreased 
significantly with increase in the length of the period of 
presoaking. The germination percentage of oil-soaked seeds 
of Zea mays fell significantly with time, while, the seeds 
of Capsicum frutescens were most tolerant of crude oil in 
their germination response. They pointed out that 
germination inhibition is attributed primarily to the 
physical surface characteristics of soil, which make it 
function as a physical barrier to water and oxygen. 
However, crude oil, when it penetrates, may be toxic to the 
embryos. 
KUmar et al. (1984) at Muzaffarnagar conducted an 
experiment to study the effect of oxalic acid factory 
sewage waters on Triticum aestivum mineral composition on 
various developmental stages at various fertilization 
doses. They concluded that the harmfulness of wastewater 
may be to a certain degree neutralized by application of 
certain doses of N, P and K. 
In general, industrial wastewaters can be used to 
produce usable crops, because it reflect no harmful effect 
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even after 10 years of application, was reported by Pound 
et al_. (1984). 
Nitrogen-rich wastewater obtained from a fertilizer 
factory was given in various dilutions to maize plants by 
Stirban et a]^. (1984) to study its influence. It was noted 
that the effect was due to its chemical composition, the 
concentration of wastewater and the variety used. The 
Hybrid HD 100 showed an increase in vegetative growth as 
well as grain yield, when increased concentration of urea 
free wastewater was supplied. In addition, the protein and 
lipid contents of the grains were also improved. On the 
other hand, the hybrid HD 213 showed poor response. 
Warner et a]^. (1984) at Richland (USA) grown barley 
in coal liquid and diesel liquid and observed statistically 
significant reduction in grain yield in both liquids at 
_2 
concentrations equivalent to 0.74 and 7.421 m 
respectively and for coal liquid only when mixed with soil 
-2 
at a concentration equivalent to 0.071 m . The coal liquid 
was more toxic than diesel liquid. At Aligarh, Ajmal and 
Khan (1985a) took textile factory effluent in various 
concentrations (25, 50, 75 and 100%) and studied their 
effect on certain physico-chemical properties of soil and 
plants like kidney bean (Phaseolus aureus) and lady's 
finger (Abelmoschus esculentus). They noted that 
germination was inhibited and delayed by 100 and 75% 
effluent whereas, it was normal with other effluent 
concentrations, as compared to water control. Undiluted and 
18 
75% effluent retarded the growth of plants whereas/ 50% 
effluent enhanced the growth. When plants were analysed for 
Na"*"/ K"*", Ca"*"""" and Mg"'"'', there metals showed a constant and 
gradual increase with increase in the effluent 
concentration, whereas K , Ca and Mg concentrations 
were found to be highest in the plants grown in 50% 
effluent followed by 25, 75 and 100% effluent. 
Ajmal and Khan (1985b) in another experiment applied 
different concentrations (viz. 0.1, 0.2, 0.4, 0.6, 0.8, 
1.0, 1.5, 2.0, 2.5, 3.0 and 4.0%) of electroplating factory 
effluent to see its effect on germination and growth of 
hyacinth beans (Dolichos lablab) and mustard seeds 
(Brassica campestris) came to the conclusion that 
germination of seeds was delayed with the increase of 
effluent concentration and the germination of mustard seeds 
was totally inhibited at 1.5% effluent concentration. The 
metal content in the hyacinth bean plants increased with 
increasing effluent concentration but after 1.0% effluent 
concentration, the concentration of all the metals (Ca, Mg, 
Na, K, Cu, Zn, Fe) decreased in plants except Cr which 
increased throughout, while Cd, Ni, Co, Mn and Pb were not 
detectable in hyacinth bean plants. 
Baluk (1985) attributed the cause of disease and low 
yielding of agricultural crops around Glogow copper mill, 
with soil pH, which determined the toxicity degree of 
increased copper content in the soil. Copper accumulation 
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which was higher in upper layer of arable soil, depended on 
direction and distance from the mill. A toxic effect of 
copper was as stronger as higher was copper content in the 
soil and as lower was pH of the soil, while humus content 
in soil was also recorded very low with increase in the 
copper content of the soil. 
Behera and Misra (1985) investigated the effect of 
sugar mill effluent on enzyme activities of rice (Oryza 
sativa L. cv. Mushoori) seedlings at New Delhi in relation 
to both, concentration of effluent and time of exposure. 
The activities of peroxidase, amylase and nitrate reductase 
decreased during effluent treatment while, succinate 
dehydrogenase activity increased at various concentrations 
of effluent. When time dependent changes in succinate 
dehydrogenase activity were followed, nearly three fold 
increase was found with 12 hr of treatment after which a 
rapid loss was noticed. 
Wastewater quality from sugar factory and the 
feasibility to use it in irrigation was studied by Calero 
et al. (1985) in Cuba. They tested the quality of 
wastewater from four sites and concluded that unless and 
untill wastewater consisted of medium salinity (EC/) ,75-2, 
25 m mhos/cm) there was no risk of sodification. 
Accumulation of nutrients (Ca, Mg and N) from 
tannery and dairy wastewater by water hyacinth (Eicchornia 
crassipes) was thoroughly investigated by Goel et al. 
(1985) at Karad. They found that the accumulation depends 
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mainly on the initial concentration of nutrient in water/ 
period of growth. Ca in general accumulated more in 
rhizome, Mg in roots and N in leaves. Ca and Mg lost in 
beginning and their further accumulation is slower, while, 
N on the other hand, accumulates more in leaves and leached 
only after a longer time. 
The study on the effect of fertilizer factory 
effluent on seed germination and growth behaviour of Vigna 
radiata was carried out by Neelam and Sahai (1985) at 
Gorakhpur. They observed that percentage germination and 
speed of germination index of seeds increased with increase 
in the effluent concentration upto 2.5%, but the root and 
shoot lengths, pigment content, plant biomass and net 
primary productivity and seed output increased upto 5.0% 
effluent. The caretenoid content and soluble nitrogen were 
maximum at 3.0% effluent, the protein content of seed was 
maximum at 1.5% effluent. The factory effluent, which was 
highly toxic for plant growth can be favorably used for 
irrigation purpose after proper dilution (2.5 to 5.0%) for 
increased yield. 
Raza and Murthy (1985) assessed the soil toxicity 
and the physiological response of plants of Nacharan 
industrial area in response to the industrial effluent, at 
Hyderabad. They brought into notice that, soils have become 
highly saline in nature due to open effluent discharges. 
The concentration of sulphates, chlorides, sodium and 
electrical conductivity were abnormally high. Physiological 
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response of plants was analysed in terms of chlorophyll, 
ascorbic acid, relative water content and leaf extract pH, 
all showed negative correlation with chlorides, sulphates 
and total salinity of soil. Dactyloctenum aegyptium was 
found to be resistant among all plants. 
When Sahai et al- (1985) at Gorakhpur conducted an 
experiment to point out the response of nitrate reductase 
enzyme of Vigna mungo (L.) hepper fed with various concen-
trations of distillery effluent. They observed that enzyme 
activity was stimulated by lower concentrations and retarded 
by higher concentration of the effluent. 
Sahai et £l. (1985) took distillery effluent of 
various concentration and showed there effect on the growth 
behaviour of Phaseolus radiatus L. Firstly, they noted 
that effluent was highly acidic and contained high amounts 
of calcium/ chloride, bicarbonate, nitrogen and total 
dissolved solids. Its BOD value was also high. The value of 
germination percentage and speed of germination index 
decreased with increasing effluent concentration. The 
respective lengths of the root and shoot, plant biomass, 
net primary productivity, seed output and chlorophyll 
content were considerably increased, when the plants were 
treated with 5% effluent. While the soluble nitrogen and 
protein contents of the seed increased at effluent 
concentrations upto 50 and 15% respectively. 
Further, the effect of fertilizer factory effluent 
at various concentrations on the performance of two 
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leguminous crops i.e. Cajanus cajan and Lens esculenta was 
reported by Sahai and Srivastava (1985). With increasing 
concentrations there was a gradual decrease in percentage 
germination and speed of germination index of both crops. 
The effluent was toxic to the seedlings of both the crops 
at higher concentration, but at 5% concentration of 
effluent, the overall growth of seedling was better than in 
control. 
Singh and Singh (1985) at Muzaffarnagar studied the 
effect of sugar mill and distillery effluent on seed 
germination and seedling growth of three varieties of rice, 
Oryza sativa L. variety Cauvery, Jaya and Ratna. The result 
showed 100% germination and best seedling growth occured in 
10% effluent concentration and thereafter, a progressive 
decline in germination percentage, speed of germination 
index, seedling height and seedling biomass has been 
found. 0. sativa L. var. Cauvery tolerated the ill effect 
better than the two other varieties. 
Sisodia and Bedi (1985) at Baroda carried out an 
experiment to see the impact of chemical industry effluent 
on seed germination and early growth performance of wheat. 
When diluted (0, 10, 20, 40 and 60%) effluents were 
applied, germination was completely inhibited upto 20% 
dilution, whereas, it was delayed with 40 and 60% dilution 
and only 30 and 60% germination was observed after third 
day. Root length was greatly inhibited upto 20% dilution, 
whereas, shoot length was completely inhibited with those 
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Veer (1985) at Meerut, searched out the heavy metal 
accumulation by Pisum sativum cv. Arkel irrigated with 
polluted water. Because of occurrence of N, P etc is 
polluted water, the growth and yield of the crop increased, 
on the other hand, total heavy metals were found to be more 
in plants irrigated with polluted water than those of 
normal water. These heavy metals accumulation in the aerial 
edible parts e.g. seeds. Thus he concluded that, the 
irrigation practice with polluted water was highly 
deceptive, as the crop showed better growth and hazardous 
as heavy metals accumulated in the aerial edible parts. 
From Orissa, Adhikary and Sahu (1986) reported that 
the diluted distillery effluent (1-10% v/v) supported the 
seedling growth of the upland variety of rice Oryza sativa 
CRM 13 and when 10% neutralized distillery effluent and the 
nitrogen fixing blue green alga Anabaena spp. were 
supplemented in different combinations. They showed 
significant increase in the vegetative growth of the paddy. 
Again, Ajmal and Khan (1986) studied the effects of 
Kasimpur coal-fired thermal plant discharges on 
agricultural soil and crop plants, like pea and wheat. The 
effluents were found to be alkaline in nature, contained 
large amounts of solids and had highly biochemical and 
chemical oxygen demands. They altered the chemical 
composition of soil by increasing in pH, organic matter, 
calcium carbonate, water soluble salts, cation exchange 
capacity, electrical conductivity, while nitrogen and 
24 
phosphorus content of soil decreased. 
Applying different concentrations of sugar factory 
effluent to the seeds of Oryza sativa L. var. ratna, 
Bhatnagar et al. (1986) at Ahmedabad observed that 24 hours 
of pre-soaking of seeds resulted hundred per cent 
germination in control, 5, 10 and 20% effluent, while 20% 
effluent showed maximunv growth of shoot and more 
chlorophyll contents. The growth of root was affected at 
80% effluent. 
Sahai and Srivastava (1986) studied at Gorakhpur, 
the effects of distillery effluent on the seed germination, 
seedling growth and pigment content of Cajanus cajan L. The 
effluent was highly acidic and predominantly rich in total 
dissolved solids, bicarbonates, chlorides, calcium and 
nitrogen. They noted that increasing concentration of the 
effluent induced a gradual decrease in the germination 
percentage and the speed of germination index. The pure 
effluent was lethal. They also noted that best seedling 
growth occured in 2.5% concentration, even at 5% 
concentration the growth was better than control. The 
response declined strikingly beyond 100% concentration and 
it was maximum at 50% concentration. The carotenoid 
content, however, increased upto 15% concentration. The 
study showed that the distillery effluent could be safely 
used for irrigation purpose at lower concentrations (upto 
2.5%) without use of additional fertilizers. 
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The effect of chemical factory effluent on seed 
germination and seedling growth of finger millet was 
studied by Sant and Jha (1986). When the seeds were treated 
with different concentrations of effluent viz. 2.5, 5, 10, 
25, 50 and 100% using distilled water as control, resulted 
the occurrence seed growth, mortality and percentage seed 
germination in 2.5 and 5% effluent concentration, whereas 
reverse results were obtained at 10% and above effluent 
concentration. They suggested high concentration of NH^Cl 
contribute the toxicity of the effluent. 
Behera and Sayeed (1987) at Haryana examined the 
effects of sugermill effluent on oxygen uptake and carbon 
dioxide output of rice (Oryza sativa L. cv. Mushoori) 
seedlings. They noticed a marked increase in the rate of 
respiration upon treatments with various concentrations of 
the effluent. The time dependent changes induced by the 
undiluted effluent in the respiratory rate were about three 
fold with the 12 hr of treatment and thereafter a rapid 
loss was noticed. 
Choudhary et al. (1987) while working with papermill 
effluent at Darbhanga found that when Zea mays L. seeds 
were kept for germination in petridishes containing equal 
amounts of soil treated with different concentrations of 
effluents (0, 5, 10, 25, 50, 75 and 100%), upto 25% 
concentration, both the percentage of germination and 
seedling growth were increased, but it decreased at higher 
concentrations. At 25% concentration overall growth of 
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seedling was better than in control, while the value of 
total chlorophyll-a and -b increased upto 50% 
concentration. However, the chlorophyll contents were 
higher in 75% than that in the control. 
Mishra and Singh (1987) at Kanpur conducted 
laboratory experiments to study the impact of various 
concentrations of fertilizer factory effluent on 
germination and growth of corn and rice seedlings. 
Effluents at low concentrations of 2.5 and 5% (v/v) had no 
significant effect on seed germination but enhanced the 
growth and development of seedlings of both test crops. 
Higher concentrations of effluent however, reduced seed 
viability and percentge germination, and caused deleterious 
effects on growth and developments. 
Nitrogenous industrial effluents were used by 
Nyamapfene and Mtetwa (1987) at Harare (Zimbabwe) to 
pastures, on which dairy cattle were being grazed. In 
general, it was noted that N content of the effluent was 
within the regulation limit by the time it enters the main 
river. 
Singh and Mishra (1987) at Kanpur conducted 
laboratory experiments to evaluate the impact of various 
concentrations (2.5, 5, 10, 25 and 50%) of fertilizer 
factory effluent on soil and crop productivity, using corn 
(Zea mays L. ) and rice (Oryza sativa L. ) as test plants. 
They found effluent highly alkaline and contained high 
amounts of N , Ca , Na , Cl~, C0~~, HCO~ and suspended 
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and dissolved solids. Its BOD value was also high. The 
effluent treatment to soil resulted in a significant 
increase in the water soluble salts, electrical 
conductivity, cation exchange capacity, pH, N, Ca, Na and 
CI content of the soil for effluent concentration of 10% 
and above. The effluent concentration, upto 5% enhanced the 
growth and development of corn and rice, while higher 
concentrations of effluent (10% and above) inhibited the 
percentage of seed germination and caused deleterious 
effects on the dry matter production, yield (qualitative 
and quantitative) and photosynthetic pigments of both test 
crops. 
Singh and Trivedi (1987) at Patna studied the 
effects of industria ekffluents from Bata shoe factory and 
McDowell distillery, Mokama, on the germination behaviour 
and radicle elongation of Momordica charanta (Coimbatore 
local, Barh local, Karaila Jaunpuri and Karaila Faizabadi), 
Luffa cylindrica (DT86) and L. acutanqula (Pahleza local). 
They reported that germination declined in all the species, 
except in Karaila Jaunpuri, whose germination potential was 
slightly increased by distillery discharge at 10% level. 
DT 86 cultivar of L. cylindrica germinated well in 10% 
tannery effluent. Radicle elongation was adversely affected 
by the treatment, except in Barh local cultivar. 
Srivastava and Mathur (1987) reported that chlor 
alkali plant effluent produced marked deleterious effects 
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on the germination and seedling growth of Raphanus sativus 
specially at higher concentrations. 
In a pot experiment, Srivastava and Sahai (1987) at 
Gorakhpur, investigated the effect of distillery effluents 
of various concentration (1, 2.5, 5, 10, 25, 50 and 100%), 
on the performance of Cicer arietinum L. They noticed that 
with the increase in the concentration of effluent, the 
percentage and speed of germination decreases and at 100% 
concentration there was no germination. The seedlings 
exhibited maximum shoot length at 5% concentration and 
maximum root length at 2.5% concentration. The values of 
root and shoot lengths, leaf area, biomass, net primary 
productivity, pigment content, reproductive capacity, seed 
out put, seed weight, seed density and seed protein content 
in plants exhibited a gradual increase from the control upto 
5% concentration and decreases at higher concentrations. 
The effect of paper factory effluent on seed 
germination and seedling growth of Arachis hypogea L. var. 
JL24 (Groundnut) was investigated by Sundaramoorthy and 
Lakshmanchary (1987). They noted that effluent was alkaline 
in nature and contained large amounts of suspended and 
dissolved solids and high BOD and COD. The effluent analysis 
also revealed that the effluent not only contained nutrients 
but also had toxic chemicals. While studing germination in 
petridishes with various concentrations of effluent, they 
observed raw effluent drastically affected the seed 
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yermination and seedliny growth. The yermination percentaye, 
shoot and i;:oot length were decreased with the increase of 
effluent concentration. 
In Gujrat at Naro'la estate, an experimental farm was 
started to assess suitability of textile mill effluent for 
ayricultural crops. Anon (1988) reporlSod that Juwar, Ocra, 
tomatoes and chillies yrown successfully using effluent as 
irrigant. 
Mukherjee and Sahai (1988) studied at Gorakhpur, the 
effect of distillery effluent on the seed germination, speed 
of germination index (SGI), seedling establishment, early 
seedliny growth, dry weight and seed out put of Ca janus 
cajan L, (var. 5-16) using different concentrations (1, 2.5, 
5, 10, 15, 25, 50, 75 and 100%). It was observed that no 
germination occurred in 100% concentration of the effluent, 
whereas 5% concentration provided optimum conditions for 
seed germination, SGI, seed out put and dry weight, beyond 
which these parameters decreased. Seedling establishment was 
100% upto 5% concentration after which it decreased, while 
shoot length was maximum in 2.5% concentration. 
Application of more than 5% concentration of 
fertilizer factory effluent on Oryza sativa Cv. Jaya, 
decreased the speed of germination index (SGI). Only 5% 
concentration had overall beneficial effect (Neelam and 
Sahai, 1988). 
Pathmanabhan and Udayakumar (1988) conducted a sand 
culture experiment at Bangalore, feded papermill effluent to 
yroundnut and finger mellet seedling, it resulted in the 
decrease in the activities of carboxylating enzyme and 
nitrate reductase. The PEP carboxylase activity in finger 
millet suffered more reduction than that of RUBP carboxylase 
in groundnut. 
Sahai and Sahai (1988) at Gorakhpur carried out an 
experiment to see the impact of various concentrations (1, 
2.5, 5, 10, 15, 30, 50, 75 and 100% v/v) of fertilizer 
factory effluent on seedling growth, pigment content and 
biomass of Sesmum indicum Linn. It was observed that the 
values of germination percentage and speed of germination 
index increased correspondingly with increase in the 
effluent concentration upto 5%. The respective lengths of 
radicle and plumule, seedling biomass and pigment content, 
considerably increased when the plants were treated with 10% 
effluent concentration. 
/\A^ this investigation Sahai and Srivastava (1988a) 
took various concentrations (1, 2.5, 5, 10, 25, 50, 75 and 
100%) of fertilizer factory effluent and studied their 
impact on two vegetable crop plants (Brassica oleracea L. 
var. botrytis and Brassica oleracea L. var. capitata). It 
was observed that with the increase of effluent 
concentration, there was a corresponding decrease in the 
percentage germination, speed of germination index. 
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Centpercent germination and best seedling growth was noted 
in 2.5% concentration of effluent, no germination took place 
or seedling servived in 75 and 100% concentration in the bot 
test plants. They concluded that high concentration of 
urea-N and ammonia-N in the effluent seem to be the major 
cause of its toxicity. 
The impact of various concentrations (1, 2.5, 5, 10, 
25, 50, 75 and 100%) of fertilizer effluent to Phaseolus 
vulgaris Linn, and Memordica charantia Linn, revealed that, 
with increase in effluent concentration, there was a gradual 
decrease in percentage germination, rate of germination and 
chlorophyll-a and b. The effluent was toxic to seedling at 
high concentrations, but was beneficial at 25% 
concentration. No germination occured in 75 and 100% 
concentration effluent (Sahai and Srivastava, 1988b). 
.^ --^ ahadur and Sharma (1989) investigated the effect of 
industrial effluent on the growth characteristics of Pisum 
sativum L. (var. T-163) at Bareilly. Total solids, oil and 
grease, lead and chromium were present above their tolerance 
limits in the combined effluent from three industrial units. 
They reported that shoot length, root length, number of 
leaves, branches and inflorescences, leaf area, dry weight 
of shoot, root and seeds and biomass per plant decreased 
significantly in the plants receiving effluent after 30, 75 
and 135 days. However, the reduction in number of leaves 
(19.35%) and leaf area (28.08%) was not significant at 75 
days. 
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Choudhary et_ al. (1989) worked at Darbhanga on the 
effect of papermill effluent over plant Hordeum vulgare. 
They pointed out that increasing concentrations of the 
effluent induces the gradual decrease in the germination 
percentage. The best seedling growth occured in 25% 
effluent. The values of total chlorophyll also increased 
upto 25% effluent. The chlorophyll content was higher in 
75% effluent than in control. They concluded that papermill 
effluent can be safely used for irrigation purpose upto 25% 
dilution for better growth of the crop plants without the 
use of additional fertilizers. 
The study on the impact of textile effluent irrigation 
on growth and productivity of black gram (Vigna mungo) was 
made by Deivasigamani et aJ. (1989a) at Annamalai Nagar. The 
effluent was found to be alkaline in nature and contained 
large amount of suspended and dissolved solids, resulting in 
high biological oxygen demand and chemical oxygen demand. 
Effluent contained not only nutrients but also toxic 
chemicals. The raw effluent irrigation inhibited all the 
morphological growth parameters like shoot length, root 
length, number of root nodules, number of leaves, total leaf 
area and yield. The mortality rate was significantly higher 
at 75% and 100% of raw effluent irrigation. 
The raw textile effluent drastically affected the 
growth and yield of the crop. Seed hardening with 1% CaCl 
amended the adverse effects of effluent irrigation in the 
morphological growth parameters and yield obtained under 
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effluent irri9ation was minimised on seed hardening 
treatment. The growth and yield parameters were enhanced due 
to seed hardening with effluent irrigation to a certain 
extent (Deivasigamani et al_. 1989b). 
Gautam and Bishnoi (1989) at Bikaner used dairy 
effluent for the cultivation of oat (Avena sativa L. var. 
Cant). They reported that 50% diluted effluent showed better 
growth than ordinary water, although the pure effluent had 
slightly adverse effect on the same. They also noted that 
the pH value of the sandy soil (9.5) was lowered by treating 
with diluted and pure effluent (8.70 and 8.78) respectively 
after 4 months. The chemical conductivity of the test soil 
(0.03 m mhos/cm ) was raised to 3.69 m mhos/cm with pure 
effluent. The basic nutrient contents (organic carbon, 
potash and phosphorus) of the effluent treated soil was not 
much changed. 
Oryza sativa L. var. ADT-36 was raised in the soil 
polluted field for 135 days supplying aqueous oil effluent 
periodically by Ilangovan and Vivekanandan (1989) at 
Tiruchirapali and during the growth of plant at various 
intervals, Pb and Cd content in leaves, roots and seeds were 
analysed. The results showed that Cd was more preferentially 
absorbed, translocated and accumulated in various organs of 
the plant most preferentially in the root and seed husk. 
Jha et al_. (1989) made ecological studies on the algal 
flora of opium effluent polluted habitats of Ghazipur. The 
physico-chemical analysis of water effluent revealed 
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presence of high amount of total nitrogen, nitrate, ammonium 
nitrogen, calcium, carbonate, bicarbonate chloride and 
sulphate. The effluent also gave positive test for alkaloids 
of opium like morphine and codeine. The value of pH, BOD and 
TDS for the effluent were higher than the tolerance limits 
presribed by Indian Standard Institution for the discharge 
of industrial effluent. 
The effect of effluents of Synthetics and Chemicals 
Ltd. (Rubber factory), Bareilly on growth contributory 
attributes like net assimilation rate (NAR), leaf area ratio 
(LAR), relative growth rate (RGR) and crop growth rate 
(CGR) , in some forage crops was studied in pot culture 
experiments and a marked reduction in various growth 
parameters was observed (Khan and Varshney, 1989). However, 
Lucerne cv. Anandya Medicago sativa performed fairly well as 
compared to other crops. The degree of tolerance to effluent 
was in descending order of Lucerne cv. Anandya (M. sativa) > 
Sanji (Melilotus alba) > lucerne cv. Vipul (Medicago sativa) 
> Akra (Vicia faba). 
Neelam and Sahai (1989) at Gorakhpur conducted 
experiment to study the impact of distillery effluent of 
different concentrations on growth response, nitrogen 
content and nitrogen uptake of Vigna radiata cv. K-851. They 
noticed a marked increase in the length of root and shoot, 
plant biomass and nitrogen uptake, when plants were treated 
with 10% effluent. Insoluble nitrogen level increased upto 
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30% and soluble nitrogen upto 50% effluent concentration. 
The uptake of nitrogen increased upto the third harvest in 
all the concentrations. High concentration of calcium, 
chlorides, total dissolved solids and BOD of the effluent 
were toxic to plant. 
A study was undertaken by Thukral (1989) to determine 
the effects of tailings water discharged from Khetri copper 
complex, Khetrinagar, on biomass of some crop plants. A 
decrease in plant dry weight was observed on regular 
irrigation with tailings water in all the crops. However, no 
complete suppression of growth was observed in any of the 
crops. 
Ilangovan and Vivekanandan (1990) at Tiruchirapalli 
evaluated crop resistance to aqueous oil polution. Root and 
shoot tolerance indices and photosynthesis characteristics 
indicated that, ADT-36 and CR-1009 rice varieties were more 
tolerant than other varieties (IR-50, IR-20 and Ponni). 
Vigna varieties (T-9 and Krishna) were most susceptible to 
aqueous oil pollution. Since the oil polluted soil contained 
a potentially toxic concentration of cadmium, tolerant 
(ADT-36) and susceptible (IR-50) varieties of Oryza were 
further analyzed for cadmium-binding components. They found 
high accumulation of cadmium to the root than in the leaves 
of both rice varieties. 
An attempt was made by Jabeen and Saxena (1990) at 
Kanpur to findout the effect of fertilizer factory effluent 
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on growth behaviour of Pisum sativum. The effluent was 
highly alkaline, rich in total solids, calcium, chloride, 
bicarbonate and total nitrogen. The plant showed better 
growth response at low concentration of the effluent. Thus, 
they recommended that effluent can be used for irrigation 
purposes after proper dilution. 
Kadioglu and Algur (1990) working at Erzurum (Turkey) 
studied the effect of vinasse on some enzymes, chlorophyll 
and protein content of Pisum sativum. The composition of 
vinasse was f.i.rst analysed and was found to contain 8.43% 
dry matter, 3.3% total ash, 4% crude protein ard 0.95% total 
carbohydrates, BOD load was determined as 63 g litre 
Different concentrations of the vinasse were taken and found 
that the activity of cellulose and pectin methyl estrase the 
protein and chlorophyll contents in potted plant showed a 
gradual increase from control upto 2.5% concentration, but 
decreased at higher concentrations. 
.Narwal et al• (1990) at Hisar .(Haryana) conducted a 
screen house experiment to study the effect of five levels 
of FYM (0, 0.25, 0.5, I'-O and 2.0%) on the growth and 
chemical composition of methi plants grown in industrial 
effluent polluted soil collected from Sonepat. Increasing 
levels of FYM significantly increased dry matter yield of 
methi plant, concentration and uptake of macro and micro 
nutrients by plants and decreased toxic metals (Ni and Cd), 
whereas the methi plants contained Ki and Cd higher than 
those reported from plants on uncontaminated soils. 
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Y Pramodhkumar and Kumar (1990) in Gujrat used pharma-
ceutical factory effluent to find out its effect on 
germination, dry matter accumulation and crop productivity 
of mustard plant (Brassica juncea L.) var. T-59. They 
observed that the root and stem lenyth and total plant dry 
weiyht increased considerably upto 40% of the effluent 
concentration, while higher than 40% effluent resulted in 
reduction in plant growth and dry weight. So they suggested 
that this effluent can be used as an additional source of 
fertilizer but only after a proper dilution. 
Subramanian et al. (1990a) at Annamalai Nagar 
investigated the effect of pre-sowing seed hardening 
treatment on growth and yield of blackgram under distillery 
effluent irrigation. It was found to be acidic with large 
amount of suspended and dissolved solids. They pointed out 
that root and shoot length, number of root nodules and 
leaves, total leaf area and yield was adversely affected 
under effluent irrigation. They also pointed out that seed 
hardening treatment with 1% CaCl_ amended the adverse 
effects considerably enhancing the growth parameters and 
yield to certain extent. 
Subramanian et al^ . (1990b) in another experiment 
studied the effect of distillery effluent on seed 
germination and seedling growth of green gram (Vigna 
radiata). In petridishes, they applied the following 
concentrations, 10, 25, 50, 75 and 100% of effluent and 
noted that lower concentrations favour seedling growth. 
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whereas hiyher concentrations inhibited germination 
percentage and decreased viability of seeds. They also noted 
that shoot and root lengths decreased with increase of the 
effluent concentrations. 
The effect of distillery effluent was reported by 
Vijayakumari and Kumudha (1990) at Erode (Tamil Nadu), on 
some plants. They concluded that with increase in effluent 
concentrations, there was a decrease in seed germination and 
seedling growth of all test plants, however, the effluent 
upto 2.5% was beneficial for overall growth of plants. They 
recommended that, the diluted effluent could be used as 
liquid fertilizer. 
Assessing toxicity of pretreated industrial waste-
waters using higher plant, Wang (1990) at Peoria (USA) 
remarked that out of tested plants, rice was more sensitive 
to toxicity than duckweed and lettuce and the rice root 
elongation was remarkably decreased as compared to Lettuce. 
Bishnoi and Gautam (1991) at Bikaner (Rajasthan) 
studied the effect of dairy effluent on seed germination and 
seedling growth of some kharif crop plants. They used 
various concentrations of dairy effluent (25, 50, 75 and 
100% v/v) and noted that with increasing effluent 
concentration, the percentage germination decreased 
gradually. 
Misra and Behera (1991) made an attempt to study the 
effect of paper industry effluent taking rice (Oryza sativa 
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L. cv. Kesari-82K) as a test plant. They observed that 
percentaye of yermination, water imbibiny capacity, growth, 
pigment, carbohydrate and protein content showed a 
decreasing trend with increase in effluent concentration and 
time of exposure. Protein content was the most sensitive 
macromolecule affected by effluent therefore, they concluded 
that measurement of protein and protein enzymes might 
provide a useful criterion for the evaluation of the 
phytotoxicity of effluent released from pulp and paper 
industries. 
Pramodhkumar et al. (1991) at Ahmedabad while studying 
effect of pharmaceutical factory effluent on Brassica juncea 
L. var. T-59, reported that when seeds were pre-soaked to 
various effluent concentration before sowing, lower 
concentrations stimulated the percentage of germination, 
stem length, root length as well as yield while, higher 
concentration of effluent showed adverse effect. 
Sharma and Naik (1991) at Raipur studied effect of 
steel mill effluent on Cyamopsis tetragonoloba, and noticed 
that effluent irrigation increased pigments and protein 
concentration in leaves as well as ash and nutrient content 
in all parts of C. tetragonoloba. However, treatment 
decreased the germination percentage as well as other 
germination parameters of seeds. They also reported that 
effluent irrigation increased soil nitrogen concentration 
significantly. 
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Srivastava (1991) at Jabalpur applied paper mill and 
chlor-alkali plant effluent to explore their effect on the 
seed germination and early growth performance (root length, 
shoot length, number of secondary roots) of Raphanus sativus 
and Allium cepa seeds. It was found that chlor-alkali plant 
effluent was highly deletrious for germination and early 
growth performance of seeds as compared to paper mill 
effluent. 
Sukhla and Pandey (1991) worked on the effect of 
oxalic acid manufacturing plant wastewater on seed 
germination and seedling height of gram, mung and maize. The 
result showed that the germination percentage of seeds 
decreased with increase of effluent concentrations, while 
seedling growths were retarded in high effluent 
concentrations. 
An experiment was conducted at Coimbatore by 
Swaminathan and Vaidheeswaran (1991) to observe the effect 
of dyeing factory effluents on seed germination and seedling 
development of groundnut (Arachis hypogea). The effluent 
analysis revealed high amount of total suspended and 
dissolved solids and significant amounts of sodium, 
potassium, sulphate, nitrate and phosphate. They observed 
that diluted effluents (upto 50%) favoured seed germination, 
hypocotyl development and seed vigour while, in the higher 
concentrations they were decreased; but the level was always 
higher than control. Height of seedlings, length of root 
system, leaf area and seedling biomass were increased by low 
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concentrations of effluents. They also noted that diluted 
effluents increased the chlorophyll/ carbohydrate and 
protein content of the seedlings, whilst pure effluent 
decreased the amount of these physiological parameters. 
A study was carried out to find out the feasibility 
of utilization of dairy wastewater by Trivedy and Kirpekar 
(1991) at Karad where Glycine max and Phaseolus mungo were 
yrown in earthen pot with 10, 25, 50, 75 and 100% effluent 
concentrations. Result showed that 75% and 100% 
concentration of effluent resulted in moderate to high 
salinity of soil. 
Gautam et a^. (1992) made an attempt to assess the 
physico-chemical characteristics of dairy effluent and the 
effect of various concentrations (25, 50, 75 and 100% v/v) 
on seed germination of some Rabi and Kharif crop plants. 
They note maximum germination percentage in 25% effluent 
concentration, whereas germination was at par with that of 
control in all test crop plants in 50% concentration. The 
inhibitory effect was observed in 75% and 100% effluent 
concentration. 
To find out the effect of fertilizer factory effluent 
on chlorophyll contents of Cyamopsis tetraqonoloba Taub., 
Goswami and Naik (1992) at Raipur performed an experiment. 
The experiment revealed an improvement in chlorophyll 
content under 10% effluent solution, but higher concentra-
tions adversely affected the chlorophyll contents and 
virtually a negative correlation existed between the two. 
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Laboratory experiments were conducted at Bangalore by 
Somashekar et aj^. (1992) to study the effect of effluent 
from distillery industry on the germination and growth of 
Vigna sinensis L. and Trigonella foenumgraecum. The effluent 
was acidic and contained large amount of dissolved solids 
and significant amounts of chloride, potassium, sulphates 
and magnesium. The oxygen saturation level was found to be 
low and BOD and COD values were very high. They reported 
that the concentration of effluent had a direct bearing on 
the rate and percentage of germination. On the other hand 
plant biomass showed a decreasing tendency with the increase 
in the concentration of effluent. 
Aziz et £l. (1993a) carried out an experiment at 
Mathura to study the effect of treated refinery wastewater 
on nitrate reductase activity (NRA) of Vigna radiata var. 
T-44 and K-851. The effluent contained considerable amounts 
of NO--N, phosphate, potassium, calcium, chloride, sodium, 
sulphate, BOD, COD etc. as compared to ground water. The 
effluent was found to stimulate NRA at all sampling stages 
when compared to ground water. A linear increase in NRA was 
noted from 15 to 25 days after sowing (DAS) and then 
activity decreased. On the other hand the enzyme activity 
was stimulated more in var. T-44 as compared to var. K-851. 
In an another experiment, the impact of Mathura oil 
refinery effluent on seedling emergence of three varieties 
of triticale and wheat was worked out by Aziz et al. 
(1993b). They noticed that, there was no adverse effect of 
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effluent on seedling emergence as compared to ground water. 
Among the four cultivars tested, wheat (HD-2204) exhibited 
maximum seedling emergence followed by Delfin, Driera and 
TL-419 of triticale cultivar. 
A split plot field experiment was conducted at the 
experimental farm of Mathura refinery by Aziz et aj^. (1993) 
to compare the effect of treated oil refinery effluent with 
that of ground water, on the growth and yield of lentil 
(Lens culinaris) var. K-75. After two years study (1990-92) 
they found that application of effluent increased all the 
vegetative characteristics compared that of ground water of 
crop during both years. There was no significant difference 
in the seed yield during 1990-91, while the effluent 
increased the seed yield by 6.4% in 1991-92 compared to 
ground water irrigation. Finally they suggested that the 
effluent of Mathura refinery may be used safely for higher 
productivity of lentil. 
Kannabiran and Pragasam (1993) studied the effect of 
distillery effluent on seed germination, seedling growth and 
pigment content of Vigna mungo L. Hepper (cv. T-9). They 
found/ the seeds of Vigna mungo failed to germinate in 
undiluted Pondichery distillery effluent and very few seeds 
germinate in 75% concentration, whereas the values were more 
or lesls similar in 1%, 5% and control. They further 
observed that 2.5% concentration was optimum with 
significantly rich nutrients, where the inhibitory factors 
were either absent or inactive. 
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An attempt was made by Madhappan (1993) at Tiruchira-
palli to observe the effect of tannery effluent on seed 
germination/ morphological characters and pigment 
concentration of black gram (Phaseolus mungo L.) and 
greengram (Phaseolus aureus L. ) in pot culture experiments. 
He observed that root and shoot growth were retarded in 
higher concentration of the effluent (beyond 50%). 
Percentage germination of seeds and crop growth showed 
significant variation treated with concentrated effluent. 
Moreover, there existed a significantly positive 
relationship between total chlorophyll content and effluent 
treatment of lower concentrations. 25% effluent concentra-
tions had a growth promoting effect which was significantly 
better than control. 
Perez and Gallardo-lara (1993) tested direct delayed 
and residual effects of applied wastewater from olive 
processing on zinc and copper availability in the soil plant 
system at Granadha (Spain). An initial barley crop and a 
subsequent rye grass crop were tested. As a direct effect, 
the application of wastewater tended to decrease Zn 
assimilability, but the delayed effect showed the opposite 
trend. The direct effect generally did not significantly 
modify Cu assimilability, however, the delayed effect 
significantly enhanced Cu uptake, this effect was 
potentiated by the joint application of N and P. At the end 
of the experiment, they observed residual effect as a 
significant increase in the extractable Cu in soil, and a 
non-significant rise in extractable Zn. 
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A study of the impact of dye and match industrial 
effluent on the growth and metabolism of Phaseolus mungo 
L./ showed that percent germination and seedling length 
decreased with an increase in concentration of these 
effluents. There was a reduction in fresh weight and biomass 
accumulation (dry weight) that paralleled a decline in 
pigment content of the plant. This may be due to the 
degradation of chlorophyll caused by increased peroxidase 
activity. The soluble protein and in vivo nitrate reductase 
activity followed a declining trend/ while the level of 
L-proline showed an increasing trend with an increase in 
concentration of these effluents. Comparing these two 
industrial effluents, the effluents from the dye industry 
was found to be more toxic to the plant than that of the 
effluent from the match industry (Ramasubramanian et al. 
1993). 
Tiwari et al. (1993) at Varanasi worked out response 
of two cultivars of Indian mustard (Brassica juncea L. Czern 
and Coss.) to distillery effluent. They noted that seed 
germination, early growth and pigment content significantly 
decreased with increasing effluent concentrations and 
entirely suppressed by higher concentrations. They also 
pointed out that total soluble protein content increased 
significantly up to 15% level of effluent. Cultivar Varuna 
showed superiority over cultivar NDR-8501. They concluded 
that, low effluent concentrations can be used as a 
substitute of fertilizer. 
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Vijayakumari et a]^. (1993) at Coimbatore applied soap 
factory effluent on certain millet and pulse crops. They 
reported that 2.53 and 5% dilution of effluent promoteci the 
seedling growth in finger millet; whereas, 5% dilution of 
effluent enhanced both seed germination and seedling growth 
to the maximum extent in pearl millet while, the pure 
effluent (100%) completely inhibited it in both pulse 
investigated. The lower dilution (2.5%) of the effluent 
enhanced the overall growth of the pulse seedlings as 
compared to control. 
Vijayarengan and Lakshmanachary (1993) studied the 
effect of textile mill effluent on growth and development on 
green gram seedlings. Effluent analysis revealed that it was 
alkaline and rich in dissolved solids, suspended solids, 
BOD and COD. They pointed out that germination percentage 
of Viqna radiata seeds decreased usually with increased 
effluent concentration. Effluent at low concentration of 5% 
and 10% v/v enhanced the growth and dry weight of the 
seedling. However, higher concentration (25, 50, 75 and 100% 
v/v) of effluent caused deleterious effects on green gram 
seedlings. The pigment content of green gram seedlings also 
showed the same trend. 
Aziz et £l_. (1994) conducted a field experiment at 
the experimental farm of Mathura refinery, Mathura to 
evaluate the irrigational utility of treated refinery 
effluent in comparison with ground water. Growth and yield 
parameters including grain yield of three cultivars of 
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triticale and one of wheat were studied. They noted that 
effluent increased all the growth and yield parameters. Soil 
irrigated with effluent showed no significant change in pE, 
total organic carbon/ calcium, water soluble salts, cation 
exchange capacity and SAR. They also pointed out that 
treated refinery effluent met the irrigational quality 
requirement as its physico-chemical characteristics were 
within the permissible limits. Triticale performed better 
than wheat. 
Kopsidas (1994) at Athens (Greek) evaluated the 
wastewater of olive industry and found that it has suspended 
solids 0.05-0.39 g/1, dissolved solids 2.31-71.44 g/1, BOD^ 
0.24-5.44 g/1, COD 0.76-16.46 g/1, chloride 0.11-43.78 g/1 
and sodium chloride 0.71-72.21 g/1. It was reported that 
large fluctuations in these data are caused by variations in 
the olive preparation conditions, purity, ripeness and size 
of olive. 
A very extensive work was carried out by Samiullah et 
al. (1994 ) to ascertain the effect of Mathura oil refinery 
effluent on the performance of wheat. They found that 
effluent proved beneficial for overall performance of the 
crop and yield was enhanced by 6, 9 and 10% during 1987-88, 
1988-89 and 1989-90 respectively over control (ground 
water). Finally, they recommended that Mathura refinery 
treated effluent may be used safely for the cultivation of 
wheat. 
*o 
In a study, Saygideger (1994) at Adana(Turkey) tried 
to find out the effects of liquid paper factory effluent in 
various concentrations/ on seed germination of Pisum 
sativum. Lens esculenta and Helianthus annus. He observed 
that percentage of seed germination was increasingly 
retarded with the increase in effluent concentration. 
Siddiqi et^  al^ . (1994) looked out the response of Vigna 
radiata to treated Mathura oil refinery effluent. They 
assessed moong (Vigna radiata) var. T-44 in terms of shoot 
length, root length, root nodule number, leaf number, fresh 
weight and dry weight per plant, pod number per plant, seed 
number per plant, 1000 seed weight and seed yield which they 
found adversely affected by treated effluent of Mathura 
refinery in three years of study. 
Tanner (1994) carried out experiments to investigate 
the above- and below-ground growth of Schoenoplectus validus 
(vahl) A. Love and D.Love in Piggery and dairy farm waste-
waters. Growth in wastewaters was compared with that in 
diluted and nutrient-amended wastewaters, a complete 
inorganic nutrient solution and tap water, they recorded 
that above-ground growth was upto two times greater in the 
higher-strength wastewaters than in nutrient solution alone, 
despite similar or higher nutrient levels in the latter. 
Even dilute additions of wastewater (N < 3 m and P < 
-3 _3 
g m ) to the nutrient solution (N > 200 gm and P > 45 g 
_3 
m ) resulted in significant growth enhancement. They also 
recorded mean above- and below-ground biomass of around 2.0 
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-? -2 
kg dry weight (DW) m and 1.25 kg DW m respectively in 
-2 
primary dairy wastewater alone, rising to 3.3 DW m and 1.5 
kg DW n\~ respectively, with nutrient amended. Rooting 
depths in the higher strength organic wastewaters tested 
were reduced, compared with those in nutrient solution with 
similar or higher nutrient levels and also with increasing 
wastewater addition to nutrient solution, suggesting that 
factors associated with organic compounds in the wastewater 
(e.g. BOD), rather than increasing nutrients, led to 
restricted root penetration. 
'Y^ ediler et al_. (1994) studied the fate of heavy 
metals (Cd, Cu, Hg, Pb and Zn) in rice paddy, when treated 
with wastewater of Westshenyang city (China), where various 
industries are located. When they analysed soil samples from 
four different soil depths (0-100 cm) and rice (roots, 
leaves, grains) for heavy metals, as expectation, the 
highest concentrations were detected in the top layer of 
soil, copper, leald and zinc were considerably more mobile 
(50-80%) than either cadmium or mercury. They noted that 
heavy metals in rice leaves and rice grains were 
significantly lower than in roots, which contained highest 
amounts of Cd, Pb, Cu and Zn corresponding to the soil 
burden. 
Taking four cultivars of wheat in account, Aziz et 
al. (1995) conducted a field experiment at experimental farm 
(Mathura) to assess the suitability of petrochemical waste-
water for irrigation. It was noted that wastewater increased 
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all growth and yield parameters and wastewater irrigated 
soil showed no significant changes in pH, total organic 
carbon, calcium/ water soluble salts, cation exchange 
capacity and SAR. Beside this, treated refinery wastewater 
met the irrigational quality requirements because its 
physico-chemical characteristics were within the permissible 
limits. Among wheat cultivars tested, HD-3077 performed 
best. 
A split-plot field experiment was conducted at 
experimental farm of Mathura, to study the effect of four 
doses of inorganic fertilizer on the productivity of 
pigeonpea (Cajanus cajan L.), grown either with ground water 
or treated wastewater discharged from the refinery, on the 
basis of growth and yield characteristics. Wastewater 
elicited better crop performance, while wastewater in 
combination with 10 kg N, 30 kg P^ Or and 50 kg K-O/ha 
outyielded all other combinations (Aziz et aj^., 1995). 
A study was carried out by Subramanian et al. (199 5) at 
Annamalai Nagar on the effect biologically treated 
distillery effluent on seed germination and seedling growth 
of green gram, Vigna radiata Linn. Wilczek, var. CO-2. The 
hyacinth (Eichhornia crassipes (Mart) Solms) plants were 
grown for 5 days in raw effluent to get biologically treated 
effluent. Both raw and treated effluent were used for 
irrigation of green gram seedling at various concentrations 
(100, 50, 25, 10 and 5%) while, control set was maintained 
with distilled water. They observed that seedlings at 5% and 
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10% concentration of biologicaly treated effluent showed 
increase in all growth parameters when compared with control 
and raw effluent seedlings. Therefore, they concluded that 
water hyacinth was efficient in removing the harmful effects 
of the effluent and it promoted the germination and seedling 
growth of green gram to a considerable extent. 
2.3 Impact of Sewage on Leguminous Crops 
Considerable amount of work has been done on sewage 
but only leguminous crops have been taken into considera-
tion, because this crop will be tested in the present study. 
Bole and Bell (1978) at Alta (Canada) studied the 
application of municipal sewage wastewater to land and its 
effect on yield and chemical composition of forage crops. 
They observed that alfalfa outyielded reed canary grass, 
bome grass, altai wild rye and tall wheat grass, when 
irrigated with this water. Either doubling the amount of 
wastewater or adding additional N as fertilizer resulted 
increase in the yields and reduced in the yield differential 
between the alfalfa and the grasses. They concluded that 
wastewater-N and fertilizer-N were equally effective in 
stimulating forage production. Alfalfa was found to be the 
most suitable forage crop in optimum fed wastewater 
condition, while, the grasses (except tall wheat grass) out 
yielded alfalfa when fertilizer was added at high wastewater 
level. When high level of wastewater were applied alone, 
reed canary grass removed most of the nutrients while 
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withstanding flooding and higher soil moisture without stand 
being reduced by winter killing as occured with alfalfa. 
In New Zealand, Quin and Woods (1978) studied the 
nutrient status of soil and pasture, surface irrigated with 
treated sewage effluent. At the average application rate of 
840 mm/yr, the nutrients in the effluent supplied was 
equivalent to 400 kg superphosphate/ha/yr and 250 kg 
nitrogen/ha/yr. As a result soil exchangeable Ca and 
available P levels were much higher on the effluent-treated 
area than the conventionally irrigated area, while levels of 
soil surface (SO.)-S was unchanged, reflecting the poor 
ability of the soil to retain SO. of effluent. Beside this, 
the effluent treated soil also had higher levels of organic 
carbon, total N and exchangeable Na and Mg pH values were 
also higher. 
Reynolds et^  al. (1978) worked at Utah (USA) on the 
effect of land application of wastewater. Assessing 
long-term effects of secondary treated municipal effluent on 
soil, they reported that treated site had not accumulated N, 
Cr, Ni or soluble salt as a result of effluent addition over 
more than 20 years. While available phosphorus increased in 
the sites. The vegetation watered with effluent generally 
exhibited better growth than those receiving normal 
irrigation water. Plants in the treated plot were higher in 
Na. 
Sopper (1978) at Pennsylvania (USA) carried out 
extensive experiments in which chlorinated secondary treated 
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sewage effluent was spray irrigated on crops like alfalfa 
and red clover for 15 years. It was pointed out that, at 
higher rates of irrigation, NC^-N concentration 
significantly increased crop yields. Crop uptake represented 
38-50% of the P and 50-150% of N applied by effluent 
irrigation. It was further noted that, in both crops, levels 
of Cu and Zn increased slightly but not to levels posing 
hazards in the food chain. 
In New Zealand, Quin (1979) compared the nutrient 
removal by harvested reed canary grass, rye grass and white 
clover in plots irrigated with treated sewage effluent. It 
was reported that harvested plots of reed canary grass 
produced similar dry matter yields and removed similar 
quantities of nutrients as plots of rye grass and white 
clover. 
Reynolds et a]^. (1980) at Utah (USA) studied long 
term effects of irrigation with treated municipal effluent. 
They found that the secondary effluent was of satisfactory 
quality for crop irrigation. No significant accumulation of 
Ni, Pb, Cu, Zn, Cr and Cd could be attributed to the 
effluent irrigation. They concluded that no harmful 
accumulation of heavy metals on alfalfa grown at the 
effluent irrigated site was noted. 
Zartman et^  al^ . (1980) at Texas (Lubbock) reported the 
effect of water quality of forage production. During a 4 
years of experiment they used 3 levels of blow down water 
[Electrical conductivity (EC) = 12 m mhos/cm and sodium 
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adsorption ratio (SAR) = 11] and city water [EC = 1.5 m 
mhos/cm, SAR = 4.3] to irrigate alfalfa (Medicago sativa) 
and four winged saltbush (Atriplex canescens). Alfalfa 
yields responded positively to irrigation. The highest yield 
occured in the high-irrigated city water treatment followed 
by the high-irrigation blow down water treatment. The 
medium-irrigation levels produced intermediate yields, while 
dryland showed lowest yield. From a forage management 
prospective, alfalfa responds to water additions with 
increased forage production/ whereas Atriplex does not, 
under the same condition. 
Barbarick et a]^. (1982) in USA studied the 
application of the wastewater effluent of a rural community 
to a mountain meadow. They applied effluent with a rate of 
7.5 cm/wk by sprinkler irrigation and noted a increase in 
the concentration of Cl and Na in soil solution, beside 
this there was a significant increase in the ortho-P and the 
+ + 
exchangeable Na and K of the soil surface irrigated by 
effluent. Application of effluent caused significant 
increases in plant yield, protein production and Na^ and P 
uptake. 
Cordonnier and Johnston (1983) carried out extensive 
work at Michigan State University in Georgia to study the 
effect of municipal wastewater irrigation and plant and row 
spacing of soyabean (Glycin max) yield and development. They 
concluded that wastewater was generally superior to well 
water in increase the yield and development of soyabean. 
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while, variety Harcor exhibited a better response than 
Nebsoy to wastewater. 
Heavy metal accumulation by Pisum sativum cv. Arkel 
irrigated with polluted water was investigated by Veer 
(1985) at Meerut. He pointed out that increase in growth and 
yield of the crop irrigated with polluted water was due to 
presence of adequate amount of nutrients. Total heavy metals 
were found to be more in plant irrigated with polluted water 
than those with normal water, while these heavy metals 
accumulated in the aerial edible parts e.g. seeds. It was 
concluded that irrigation practice with polluted water was 
highly deceptive, as the crop showed better growth and 
hazardous heavy metals accumulated in the aerial edible 
part. 
Irrigation and nutrient potential of raw sewage 
waters of Haryana was investigated by Baddesha £t al. 
(1986). They found that raw sewage waters had a pH of 7.0 to 
7.5, EC of 0.93 to 2.87 m mhos/cm, high amount of Mg but the 
Mg:Ca ratio was lesls than 4, cation : anion ratio was more 
than 1, no residual sodium carbonate and low sodium 
adsorption ratio (SAR) 1.56 to 5.96 m eq/1, low biochemical 
oxygen demand 66 to 73 mg litre and very little toxic 
elements (Pb, Cd and Ni). Five irrigations of 7.5 cm/ha 
would provide for every hactare, 181 kg N, 28 kg P, 270 kg K, 
130 kg S, 1.3 kg Zn, 0.8 kg Cu, 41.8 kg Fe and 1.4 kg Mn. 
They estimated that 162.73 million litres of untreated 
sewage waters produced in Haryana per day may be utilized 
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directly without any pre-treatment^ for irrigation 3.345 ha 
of vegetable crops or 5017 ha of fodder crops or 4459 ha of 
cereal crops. 
From Israel/ Oron and DeMalach (1987) reported the 
reuse of domestic wastewater for irrigation in arid zones 
via spinkler and trickle irrigation system to crops like 
cotton, wheat, alfalfa and corn. They pointed out that due 
to the nutrient content in the effluent, increase in yields 
was obtained without any additional fertilization. 
Muthuchelian et al^ . (1988) at Maduria studied the 
influence of sewage water and sewage soil on photosynthesis, 
nitrate reductase activity and biomass accumulation of 
Phaseolus mungo L. in pot experiment. They observed that 
sewage water inhibited chlorophyll synthesis, NR activity, 
total soluble protein, seedling growth and biomass 
production, which they related to the more availability of 
metal ion in sewage water. 
Ramanujam (1991) at Pondicherry studied germination 
and seedling growth of black gram in municipal wastewater 
using four dilutions (viz. 5, 10, 25 and 50%) of it. He used 
two effluents. Grand canal and Upper canal, he observed 
reduction in rate of germination and retardation in seedling 
growth of black gram in concentrations exceeding 10% of 
untreated sewage from both sources. Effluents of grand canal 
were more toxic than upper canal effluent. 
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2.4 Concluding Remarks 
The available literature/ reviewed above reveals that 
the work on treated industrial wastewater with regards to 
leguminous crops has been limited and quite patchy. It is 
more evident when the Indian publications are taken into 
consideration. Therefore, it seems desirable that an 
exhaustive study be made taking into consideration all the 
important aspects like analysis of effluent and soil/ 
involvement of heavy metalS/ crop growth and development/ 
and quality of the grain. The author intends to investigate 
in detail the response of some leguminous crops to treated 
refinery wastewater. 
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CHAPTER - 3 
PROPOSED STUDY 
3.1 Proposed Study 
To achieve the aims and objectives mentioned earlier, 
it is proposed to conduct four field experiments on lentil 
(Lens culinaris L. Medic) at the Experimental Farm of Indian 
Oil Corporation Limited, Mathura Refinery/ Mathura. The 
design of all the experiments will be split plot, while main 
plots will be irrigated with treated wastewater of refinery 
and ground water and sub-plots will be split into either 
varieties of lentil or fertilizer doses, according to the 
plan of each experiment. 
3.2 Field Preparation 
The field will be thoroughly ploughed to turn the 
soil for maximum aeration. It will also help in eliminating 
the weeds. Finally, 25 sq.m. plots will be prepared 
according to the design of each experiment. It will be 
irrigated before sowing to maintain proper moisture content 
in the subsurface of the soil. According to plan of 
experiment/ the required fertilizer dose will be broadcast 
in each plot uniformly. 
3.3 Seeds 
Authentic seeds will be obtained from I.A.R.I./ New 
Delhi. Healthy seeds will be selected and their viability 
will be tested before sowing. Surface sterilization of the 
59 
seeds will be done by using alcohol or 0.1% mercuric 
chloride. Just before sowing/ seeds will be inoculated with 
the specific bacterial culture. 
3.4 Field Experiments 
All field experiments will be conducted according to 
the scheme of treatments given in Table 1-4. 
3.4.1 Experiment 1 
This field trial will be carried out to find out the 
suitable variety under the local agro-climatic conditions/ 
when irrigated with wastewater. The design of the experiment 
will be split plot/ where/ the main plots will be the two 
sources of irrigation water/ viz. ground water and treated 
refinery effluent/ while four varieties of lentil will be 
grown in sub-plots with three replications. A uniform basal 
dose of nitrogen (10 kg/ha)/ phosphorus (30 kg/ha) and 
potassium (40 kg/ha) and farmyard manure (FYM) @ 20 
tonnes/ha will be applied to each sub-plot before sowing. 
The sources of nitrogen/ phosphorus and potassium will be 
urea/ monocalcium superphosphate and muriate of potash 
respectively. The seed rate will be kept uniform at 30 
kg/ha. The plants will be kept free from weeds. The crop 
will be irrigated twice at 45 and 90 days after sowing (DAS) 
with equal amount of irrigants in all plotS/ using a 
standard V-notch box. 
For assessing growth . performance of the crop/ 
sampling will be done at 60/ 90 and 120 days after sowing 
(DAS). At physiological maturity of crop, it will be 
harvested and threshed manually to get seed yield and 
protein content. 
3.4.2 Experiment 2 
This experiment will be conducted in next year 
according to split plot design, to find out effect of 
varying basal doses of nitrogen and two sources of 
irrigation water on the growth,yield and quality of lentil. 
Here best variety selected from experiment-1 will be taken. 
Main plot will be of two sources of irrigation water (ground 
water and treated refinery effluent) while, four basal doses 
of nitrogen (0, 10, 20 and 30 kg/ha) will be applied to 
sub-plot. Each treatment will be replicated thrice. A 
uniform basal dose of both phosphorus (30 kg/ha) and 
potassium (40 kg/ha) will be applied to each sub-plot. The 
sources of nitrogen, phosphorus and potassium will be urea, 
monocalcium superphosphate and muriate of potash 
respectively. Seed rate, sowing, weeding and irrigational 
practices will be the same as in experiment-1. 
3.4.3 Experiment 3 
This experiment will be conducted simultaneously with 
experiment-2, according to split plot design. The aim of 
this experiment will be to study the effect of four basal 
doses of farmyard manure and two sources of irrigation water 
on the growth, yield and quality of the variety of lentil 
taken in experiment-2. In this experiment, the main plot 
will be irrigated with two types of water (ground water and 
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treated refinery effluent) while, four basal doses of 
farmyard manure (0/ 10, 20, 30 tonnes/ha) will be applied to 
sub-plots. Each treatment will be replicated thrice. Seed 
rate, sowing, weeding, irrigation, harvesting and all other 
agricultural practices will be same as in experiment-1. 
3.4.4 Experiment 4 
This experiment will be conducted in the third rabi 
season. The aim of this experiment will be to study the 
interaction effect of nitrogen and farmyard manure when 
irrigated with treated refinery wastewater and ground water 
on the same variety tested in Experiment 2 and 3. The design 
of experiment will be split-plot. The main plot will be fed 
with two types of irrigational water (groundwater and 
treated refinery effluent) while, the sub-plot given with 
different combination of two doses of nitrogen and two doses 
of farmyard manure. Two best doses of both, nitrogen and 
farmyard manure will be selected from the Experiment 2 and 3 
respectively and combination will be made to give in 
sub-plot while, a uniform basal dose of phosphorus (30 
kg/ha) and potassium (40 kg/ha) will be applied to all 
sub-plots. Rest of the agricultural practices will be the 
same as is Experiment-1. 
SUMMARY OF TREATMENTS 
Table 1 : Experiment-1 
Experimental Design : Split-plot 
Crop : Lentil 
S.No. Sub-plot 
Varieties 
Main-plot 
Ground water Treated refinery 
effluent 
1. PL-4 
2. PL-406 
3. PL-639 
4. K-75 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
N.B. : A uniform basal dose of nitrogen (10 kg/ha)/ 
phosphorus (30 kg/ha)/ potassium (40 kg/ha) and 
farmyard manure (20 t/ha) will be applied at the time 
of sowing. 
Table 2 : Experiment-2 
Experimental Design : Split-plot 
Crop : Lentil 
S.No. Sub-plot 
Basal doses 
(kg/ha) 
Main-plot 
Ground water Treated refinery 
effluent 
1. 
2. 
3. 
4. 
N, 
N 10 
N 20 
N 30 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
N.B. : A uniform basal dose of phosphorus (30 kg/ha) and 
potassium (40 kg/ha) will be applied at the time of 
sowing. 
Table 3 : Experiment-3 
Experimental Design : Split-plot 
Crop : Lentil 
S.No. Sub-plot 
Basal doses 
(tonnes/ha) 
Main-plot 
Ground water Treated refinery 
effluent 
1. 
2. 
3. 
4. 
FYM, 
FYM 10 
FYM 20 
FYM 30 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Table 4 : Experiment-4 
Experimental Design : Split-plot 
Crop : Lentil 
S.No. Sub-plot Main-plot 
Ground water Treated refinery 
effluent 
1. N. ,^ FYM, ,^ half half 
2- \alf ^™full 
3- Nf^,, FYM^^^f 
-^ Nf^ll ^™full 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
N.B. : A uniform basal dose of phosphorus (30 kg/ha) and 
potassium (40 kg/ha) will be applied at the time of 
sowing. 
N and FYM^^^^ - Optimum dose of N obtained from 
Experiments 1 and 2. 
N and FYMj^^^^ - Half of optimum dose. 
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3.5 Sampling 
3.5.1 Soil and Farmyard Manure 
Soil samples will be collected before sowing and 
after harvest of each experiment at a depth of about 10-15 
cms/ by means of suitable tool. At least 10 to 15 samples 
will be collected randomly from the field and these samples 
will be spread on a sheet of paper to break large lumps with 
a wooden pestle. Mixing together the samples of each 
treatment/ a composite sample will be obtained and passed 
through a 2 mm sieve/ only about 500 gm of this composite 
sample will be retained in polythene bag with proper label 
for the analysis of various physio-chemical properties. 
In polythene bags about 500 gm of well mixed farmyard 
manure will be retained for its qualitative analysis. 
3.5.2 Water 
Both/ treated wastewater from refinery and ground 
water will be collected separately in 5 litre plastic 
container before each irrigation. 
It will be kept with a proper level on their 
containers at below 4°C and analysis will be done 
immediately. 
3.5.3 Plant 
For the assessment of the effect of different 
treatments on crop, the samples will be collected at 
different growth stages. Five plants from each plot will be 
uprooted with a handhoe* containing the entire root system. 
From these samples different physio-morphological 
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characteristics will be studied. 
3.6 Plant Analysis 
3.6.1 Growth Characteristics 
The following growth characteristics will be studied 
at different growth stages. 
i) Shoot Length/Plant (cm) 
ii) Root Length/Plant (cm) 
iii) Leaf Number/Plant 
iv) Shoot Fresh Weight (g) 
v) Shoot Dry Weight (g) 
vi) Root Nodule Number 
vii) Leaf Area Index (LAI) 
viii) Crop Growth Rate (CGR) 
ix) Relative Growth Rate (RGR) 
x) Net Assimilation Rate (NAR) 
The dry weight will be obtained after drying of 
samples for about 72 hours in an oven maintained at 80°C 
temperature. 
3.6.2 Details of Some Growth Characteristics 
3.6.2.1. Leaf Area Index (LAI) 
It will be calculated by using the following formula 
suggested by Watson (1958). 
_ Leaf area per plant 
Area occupied per plant 
3.6.2.2. Crop Growth Rate (CGR) 
It will be calculated by using following formula 
given by Watson (1952). 
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CGR = - ^ X - ^ (g/mVday) 
where, 
dw = Difference in dry weight at a given time 
dt = Time interval 
P = Land area 
3.6.2.3. Relative Growth Rate (RGR) 
It will be calculated with the help of following 
formula given by Radford (1967). 
In W_ - 1„ W, 
RGR = ^ ^ " ^ (mg/g/day) 
t2 - t^ 
where, Wj^  and W- are the dry weights at time t, and t_ 
respectively. 
3.6.2.4. Net Assimilation Rate (NAR) 
NAR will be calculated by formula suggested by 
Milthorpe and Moorby (1979) 
W2 - W, In A^ - In A, ^2 - w^^ In A_ - In A, 
^^ ^ = I P ^ ^ A2 - A, (g/m2/day) 
Where, Wj^  and W2 are plant dry weights per unit ground area, 
K^ and A2 are leaf area per unit land area at times t, and 
t respectively. 
3.6.3 Biochemical Characteristics 
The following biochemical parameters will be studied 
in plant samples on percent dry weight basis, 
i) N Content of Shoot 
ii) P Content of Shoot 
iii) K Content of Shoot 
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iv) Heavy Metal Content in Shoot 
v) Protein Content of Seeds 
vi) Heavy Metal Content of Seeds 
3.6.4 Yield Characteristics 
The following yield characteristics will be observed 
at harvest. 
i) Pod Number/Plant 
ii) Seed Number/Plant 
iii) 1000 Seed Weight (g) 
iv) Seed Yield (q/ha) 
v) Harvest Index 
3.7 Chemical Analysis of Plant 
Chemical analysis of oven dried plant samples at each 
growing stage will be carried out as follows. 
3.7.1 Estimation of N/ P and K 
The following methodology will be followed for the 
estimation of nitrogen (N)/ phosphorus (P) and potassium (K) 
in plant samples. Oven dried plant shoots will be powdered 
and passed through a 72 mesh screen. The powder of each 
sample will be kept overnight at 70°C/ after that digestion 
and analysis of its N, P and K will be performed as follows. 
3.7.1.1. Digestion of Powder 
100 mg dry powder of the sample will be taken in a 50 
ml Kjeldhal flask. To this, 2 ml of concentrated sulphuric 
acid (AR) will be added and mixture heated on a heating 
mantle for 2 hours to achieve complete reduction of nitrate 
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present in the plant material. The contents are expected to 
turn black in this duration. After cooling for 15 minutes* 
0.5 ml of chemically pure Hydrogen peroxide (30%) will be 
added drop by drop and this procedure will be repeated till 
a clear solution obtain. The peroxide digested material will 
be transferred to a 100 ml volumetric flask with at least 
three washing with double distilled water and the volume 
will be made up to the mark. Required aliquots of the 
peroxide digested material will be used to estimate the N/ P 
and K contents. 
3.7.1.2 Colour Development of Nitrogen 
Nitrogen will be estimated following the method of 
Lindner (1944). 
A 10 ml aliquot of the peroxide digested material 
will be taken in a 50 ml volumetric flask and to this 2 ml 
of 2.5 N sodium hydroxide will be added to neutralise excess 
of the acid. In order to prevent turbidity, 1 ml of 10% 
sodium silicate solution will be added and the volume of the 
solution will be made upto the mark with the help of double 
distilled water. 5 ml of this solution will be taken in a 10 
ml graduated test tube and 0.5 ml of Nessler's reagent will 
be added dropwise, being mixed thoroughly after each drop. 
The final volume will be made up with double distilled water 
and the tube will be allowed to stand for about 5 minutes 
for maximum colour development. 
The solution will be transferred to a colorimetric 
tube and the optical density of the solution will be 
67 
determined at 525 nm on a Bausch and Lomb ' Spectronic-20' 
colorimeter. A blank consisting of distilled water and 
Nessler's reagent will be run simultaneously. A standard 
curve will be plotted by using known dilutions of a standard 
ammonium sulphate solution and the reading of each sample 
will be compared with this standard curve. Nitrogen in the 
samples will be determined in terms of percentage on dry 
weight basis. 
3.7.1.3 Colour Development of Phosphorus 
Phosphorus content in the samples will be estimated 
by the method of Fiske and Subba Row (1925) using peroxide 
digested aliquot. 
A 5 ml peroxide digested aliquot will be taken in a 10 
ml graduated test tube and 1 ml of 2.5% molybdic acid 
(Appendix l.l ) will be added carefully, followed by the 
addition of 0.4 ml of 1/2,4-aminonaphthosulphonic acid 
(Appendix 1.2) . The colour of the solution will turn blue. 
Double distilled water will be used to make the volume upto 
the mark. The solution will be kept for 5 minutes to allow 
maximum colour development and then transferred to a 
colorimeteric tube. 
The optical density of the solution will be read at 
620 nm on a 'Spectronic-20' colorimeter. A blank will be run 
simultaneously with each determination. The standard curve 
will be calibrated by using known concentrations of 
monobasic potassium phosphate solution. The reading of the 
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samples will be compared with this curve and phosphorus 
content in the plant sample will computed in terms of 
percentage on dry weight basis. 
3.7.1.4 Potassium 
Potassium content in the samples will be estimated 
flame photometrically. A 10 ml aliquot will be taken and it 
will be read by using potassium filter. A blank containing 
only double distilled water will be run side by side. The 
readings will be compared with a calibration curve plotted 
for different dilutions of a standard potassium sulphate 
solution. 
3.7.2 Estimation of Heavy Metals 
50 mg dried powdered plant samples will be digested 
with nitric acid and perchloric acid. After appropriate 
dilution/ the digested material will be analysed for heavy 
metals with the help of Atomic Absorption Spectrophotometer 
APHA (1985). 
3.8 Chemical Analysis of Grain 
At harvest/ the grains will be collected and 
chemically analysed for its protein and heavy metals. 
The grain samples will be dried and ground to fine 
powder and passed through a 72 mesh sieve. The powder will 
be stored in polythene bags. At the time of analysis, these 
powders will be kept at 80°C in an oven for overnight. 
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3.8.1 Estimation of Protein 
Total protein level in the sample will be determined 
by following the method of Lowry e^ a_l. (1951). 
3.8.1.1 Extraction of Soluble and Insoluble Proteins 
50 mg powder of sample will be transferred to a 
mortar and grounded with the addition of 5 ml of double 
distilled water and collected in a centrifuge tube with 
atleast three washings. The sample will be centrifuged at 
4000 rpm for 10 minute. The supernatant will be collected in 
a 25 ml volumetric flask together with two washings of the 
residue with double distilled water and preserved for the 
estimation of soluble protein. 
To the above residue/ 5 ml of 5% TCA (Trichloro 
acetic acid) will be added and allowed to stand at room 
temperature for 30 minutes with thorough shaking. It will be 
then centrifuged at 4000 rpm for 10 minute and the 
supernatant will be discarded. Now 5 ml of IN sodium 
hydroxide will be thoroughly mixed with the residue and 
allowed to stand in a water bath at 80°C for 30 minutes. 
Then it will be cooled and centrifuged at 4000 rpm. The 
supernatant together with three washings with IN sodium 
hydroxide will be collected in 25 ml volumetric flask. The 
volume will be made upto the mark with IN sodium hydroxide 
and will be used for the estimation of insoluble protein. 
3.8.1.2 Colour Development of Soluble Protein 
One ml of the above water extract will be transferred 
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to a 10 ml test tube and 5 ml of Reagent C (Appendix l. 5) 
will be added to it. The solution will be mixed well and 
allowed to stand for 10 minutes at room temperature. Then 
0.5 ml of Reagent E (Appendix 1.7) will be added rapidly with 
thorough mixing. After 30 minutes, the blue coloured 
solution will be transferred to a colorimetric tube and the 
percent transmittance will be noted at 660 nm on the 
' Spectronic-20' colorimeter. A blank will be run with each 
sample. The soluble protein content will be calculated by 
comparing the optical density of each sample with a 
calibration curve plotted by taking known dilution of a 
standard solution of egg-albumin. 
3.8.1.3 Colour Development of Insoluble Protein 
One ml of sodium hydroxide extract will be trans-
ferred to a 10 ml test tube and to it/ 5 ml of Reagent D 
(Appendix 1.6) will be added. The solution will be mixed well 
and allowed to stand for 10 minutes at room temperature. Now 
0.5 ml of Reagent E (Appendix 1.7) will be added rapidly with 
immediate mixing. After a lag of about 30 minutes, the 
measurement of intensity of the colour and other 
calculations will be made in the same way as in soluble 
protein. 
3.8.2 Estimation of Heavy Net.als 
Heavy metals in the grains will be analysed with the 
help of Atomic Absorption spectrophotometer. The procedure of 
digestion of samples and analysis will be same as mentioned 
earlier in the case of plant sample's heavy metal analysis. 
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3.9 Physico-chemical Analysis of Water 
The water samples collected during each irrigation 
will be analysed for their physico-chemical characteristic 
in accordance with irrigation water quality criteria. The 
suitability for irrigation with these waters and quality 
assessment will be made by taking following parameters. 
Physical Parameters 
i) Temperature 
ii) Odour 
iii) Turbidity 
iv) Electrical Conductivity (EC) 
v) Total Solids (TS) 
vi) Total Dissolved Solids (TDS) 
vii) Total Suspended Solids (TSS) 
Chemical Parameters 
i) P:T 
ii) Biochemical Oxygen Demand (BOD) 
iii) Chemical Oxygen Demand (COD) 
iv) Nitrate Nitrogen 
v) Ammonia Nitrogen 
vi) Calcium 
vii) Magnesium 
viii) Sodium and Potassium 
ix) Carbonate and Bicarbonate 
x) Residual Sodium Carbonate (RSC) 
xi) Total Hardness 
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xii) Total Alkalinity 
xiii) Chloride 
xiv) Phosphate 
XV) Sulphate 
xvi) Heavy Metals. 
Since most of the parameters changes with time and at 
the same time it will not be possible to study all 
parameters within 24 hours. Thus, temperature, odour, pH, 
alkalinity, hardness and BOD will be estimated immediately, 
while, nitrate and phosphate will be estimated within 24 
hours and rest of the parameters will be analysed within 
the next few days. Various methods of water analysis will be 
adopted from APHA (1985). 
3.9.1. Physical Parameters 
3.9.1.1 Temperature 
The parameter of temperature is basically important 
for its effect on the chemistry and biological reactions in 
the organism. Its measurement will be made with a good grade 
of mercury filled celsius thermometer. As a minimum, the 
thermometer should have a scale marked for every 0.1°C. 
Markings should be etched on the capillary glass. It should 
have a minimal thermal capacity to permit rapid 
equilibration. 
3.9.1.2 Odour 
The odours are present mainly due to dissolved 
impurities often organic in nature. Odours imparting in 
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industrial wastewaters are artificial origin and due to 
chemical discharges. Method adopted from APHA (1985). 
3.9.1.3 Turbidity 
Turbidity in water is caused by the substances not 
present in the form of true solution. The turbidity of 
samples will be measured by nephelometer. The instrument 
will be set at 100 with 40 NTU (Nephelometric Turbidity 
Unit) suspension (Appendix 2.1). If sample is having more 
turbidity than 40 NTU dilution will be done and then reading 
will be calculated as follows : 
Turbidity - Nephelometer reading x 0.4 x dilution factor 
(NTU) 
3.9.1.4 Electrical Conductivity (EC) 
Samples will be directly read using conductivity 
meter by putting the sample in the beaker. The apparatus 
will be adjusted to a known temperature (say 25°C) of the 
solution. 
3.9.1.5 Total Solids (TS) 
A 250 ml unfiltered sample will be taken in the 
evaporating dish and will be evaporated on water bath. Total 
solids will be calculated as follows : 
Total solids = ^-^ ^ 1000 (g/l) 
Where/ 
A = Final weight of the dish in g 
B = Initial weight of the dish in g 
V = Volume of the sample taken in ml. 
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3 . 9 . 1 . 6 To t a l Dissolved Sol ids (TDS) 
A 250 ml filtered sample will be taken in the 
evaporating dish and will be evaporated on water bath. TDS 
will be calculated as follows : 
r^T^r. A-B X 1000 , „ / ^ \ TDS = (g/1) 
Where/ 
A = Final weight of the dish in g 
B = Initial weight of the dish in g 
V = Volume of the sample taken in ml. 
3.9.1.7 Total Suspended Solids (TSS) 
Total suspended solids will be determined by 
calculating the difference between the total solids and 
total dissolved solids 
TSS = TS - TDS 
3.9.2 Chemical Parameters 
3.9.2.1 £H 
pH will be determined with the help of pH meter. The 
pH will be checked with standard buffer of known pH. 
3.9.2.2 Dissolved Oxygen (DO) 
It will be estimated with the help of Winkler's 
method. A 300 ml of the sample will be taken in a glass 
stoppered bottle (BOD bottle) avoiding any kind of bubbling 
and trapping air bubbles. To this 2 ml of each MnSO, 
4 
(Appendix 2.2) and alkali iodide azide solution (Appendix 2.3) 
will be poured well below the surface from the walls 
resulting a precipitation. After placing the stopper, the 
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content will be shaken well by inverting the bottle 
repeatedly. The bottle will be kept for sometime to settle 
down the precipitate. Now 2 ml of concentrated H^SO. will be 
added with well shaking to dissolve the precipitate, then it 
will be titerated against sodium thiosulphate (0.025 N) 
using starch (Appendix 2.4) as an indicator.At the end point/ 
initial dark blue colour changes to colourless. 
^. 1 ^ r^  (ml X N) of titrant x 8 x 1000 , ., v Dissolved Oxygen = -^  • (mg/1) 
V^^ - V 
Where/ 
V, = Volume of sample bottle after placing the stopper 
V = Volume of MnSO. and alkali iodide azide solution. 
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3.9.2.3 Biochemical Oxygen Demand (BOD) 
Dilution water in a glass container will be prepared 
by bubbling compressed air in distilled water for 30 
minutes. To this 1 ml each of phosphate buffer/ magnesium 
sulphate/ calcium chloride and ferric chloride solution 
(Appendix 2.5 ) for each bottle of dilution water will be 
mixed thoroughly. The sample will be neutralized to pH 
around 7.0 by using IN NaOH or H-SO. and suitable dilutions 
will be made/ then filled in BOD bottles. Now one set of the 
bottle will be kept in BOD incubator at 20°C for 5 days, 
while DO content of another set is determined immediately. 
Then finally DO in the sample bottles will be determine 
after completion of 5 days incubation. 
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Calculation 
BOD = (DQ - D^) X Dilution factor (mg/1) 
Where/ 
D = Initial DO in the sample 
Dt- = DO after 5 days 
3.9.2.4 Chemical Oxygen Demand (COD) 
A 50 ml of the sample will be taken and one gram of 
HgSO. and 5 ml H_SO. will be added to it very slowly. 25 ml 
of 0.25 N potassium dichromate solution will be added and it 
will be mixed with the help of condenser. The flask will be 
cooled. Addition of sulphuric acid reagent (about 70 ml) 
through the mixture will be reflexed for two hours. Dilution 
of the mixture to about twice of its volume will be done 
with distilled water. It will then be cooled to room 
temperature and titration of excess dichromate with standard 
ferrous ammonium sulphate will be performed using ferroin 
indicator. COD will be calculated as follows : 
COD = (a-b) N X 8000 (^ g/^ j 
ml sample 
Where/ 
a = Quantity of (NH^)2(SO^)2 used for blank in ml 
b = Quantity of (NH^)2(SO^)2 used for sample in ml 
N = Normality of Fe 
3.9.2.5 Nitrate Nitrogen 
Ni t ra te nitrogen in i r r i g a t i o n water samples will be 
estimated colorimeter by phenol d isul fonic acid method. 
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Nitrate standard will be prepared first in the range 
of 0.1 to 1 mg/1 N by diluting 1.0, 2.0, 4.0, 7.0 and 10.0 
ml standard nitrate solution to 10.0 ml with double 
distilled water. 50 ml of filtered sample will be taken in 
erlenmeyer flask and equivalent amount of silver sulfate 
solution will be added to remove chlorides. After slight 
heating, the precipitate of AgCl will be filtered out. Now 
filtrate will be evaporated in a porcelain basin to dryness. 
After cooling, the residue will be dissolved in 2 ml of 
phenol disulfonic acid and volume will made to 50 ml with 
double distilled water. To it, 6 ml of liquid ammonia will 
be added to develop yellow colour. Finally, reading of the 
samples will be taken colorimetrically at 410 nm and 
calculation of concentration of nitrate nitrogen will be 
done with the help of standard cu^ v#^ . -- -, ^ /^^  
3.9.2.6 Ammonia Nitrogen '•'• - Z^S —^(?,5"c9 ^ I 
The estimation of ammonia, ria^ trogen w^Ll • -be done by 
'^ •-^ '^'*''» ONUERSTv^^.^-
the help of volumetric method. First preliminary 
distillation will be done as follows, to remove interfering 
substances present in waters and wastewaters. 500 ml ammonia 
free water will be added to 20 ml borate buffer and the pH 
will be adjusted to 9.5 with 6N NaOH solution. A few glass 
beads or boiling chips will be added to this and the mixture 
will be used to stream out the distillation apparatus untill 
the distillate shows no traces of ammonia. If the ammonia 
nitrogen content is less than 100 ug/1, a sample volume of 4 
litre will be used. This will be the diluted sample. 
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Residual chlorine will be removed in the sample by adding 
dechlorating agent/ 25 ml borate buffer will be added and 
the pH adjusted to 0.5 with 6N NaOH. Now distillation of the 
sample will be done. The streaming out flask will be 
disconnected and immediately the sample will be transferred 
to the distillation apparatus. It will be distilled at a 
rate of 6 to 10 ml/minute, with the tip of delivery tube 
submerged. The distillate will be collected in a 500 ml 
Erlenmeyer flask containing 50 ml boric acid solution. At 
least 300 ml of distillatle will be collected and it will be 
diluted to 500 ml with ammonia free water. 100 ml of the 
sample will be taken in 500 ml kjeldahl flask with ammonia 
free distilled water and diluted to 250 ml. Again, its 
distillation will be done as described before with a few 
pieces of paraffin wax being added to the distillation flask 
and 100 ml of distillate will be collected. 
Ammonia in the distillate will be titrated against 
standard 0.02N H-SO, titrant untill the indicator turns a 
pale Lavender. A blank will be carried through all steps of 
the procedure. 
Calculation ; 
Ammonia N = (A-B) x 280 (mg/1) 
ml sample 
Where, 
A = ml H SO^ used in titration for sample 
B = ml H2SO4 used in titration of blank. 
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3.9.2.7 Calcium 
50 ml of the water sample will be taken in a conical 
flask and will be neutralized with acid. It will be boiled 
for 1 minute and then cooled. 2 ml of IN NaOH solution will 
be added to maintain the pH at 12-13/ 1-2 drops of ammonium 
purpurate indicator (Appendix 2.6) will be added. Then it 
will be titrated slowly with O.OlM EDTA (Appendix 2.10) . At 
the end point colour will be change from pink to purple. 
Calculation : 
^ -. • X X 400.8 /„„/iN 
Calcium = :— (mg/1) 
ml sample 
Where* 
X = Volume of EDTA used 
3.9.2.8 Magnesium 
Magnesium in the sample will be estimated from the 
calcium and total hardness titration as follows. 
Mg = Total hardness (as mg/1 CaCO-) - Calcium hardness (as 
mg/1 CaCO-) x 0.244 (mg/1) 
3.9.2.9 Sodium and Potassium 
The estimation of sodium and potassium will be 
carried out directly with the help of flamephotometer using 
appropriate filters. The standard curve will be calibrated 
by taking known concentrations of sodium and potassium 
salts. The curve will be drawn separately by plotting 
flamephotometer reading on the y-axis against concentrations 
of sodium and potassium on x-axis. Finally the concentration 
of both sodium and potassium in the sample will be read from 
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this curve. In case of excess of any of these two in the 
sample appropriate dilution will be made. 
3.9.2.10 Carbonate and Bicarbonate 
The estimation will be done by the method given by 
Richards (1954)/ which is based on simple titration using 
different indicators which works at different pH. 
In a clean flask/ 50 ml of the sample will be taken. 
To this 5 drops of phenophthalein indicator (Appendix 2.7 ) 
will be added. The development of pink colour indicates the 
presence of carbonate and it will be titrated with O.OIN 
sulphuric acid untill the colour just disappears. This 
burette reading (volume used) will be designated as y. 
To the colourless solution from above titration or to 
the original sample of water if there will be no colour with 
phenophthalein/ 2-3 drops of methyl red solution 
(Appendix 2.8) will be added and the titration will be 
continued till it reaches to end point which will be 
confirmed by change in colour from yellow to red rose. Now 
this final reading will be marked as Z. 
Calculations : 
a) Carbonate = 2y x normality of H2SO4 x L2£0 (m eq/1) 
ml of sample 
b) Bicarbonate 
= (Z-2Y) X normality of H2SO4 x ^OOQ (m eq/1) 
ml of sample 
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3.9.2.11 Residual Sodium Carbonate (RSC) 
This is an important character for assessing the 
suitability of irrigation water in consideration of likely 
sodium hazard. It will be calculated with the help of 
following formula. 
RSC = (C0~ + HCO") (Ca^ "*" + Mg^ "*") 
all expressed in m eq/1 
3.9.2.12 Total Hardness 
It will be estimated with the help of EDTA method. 50 
ml of sample will be taken into conical flask and pH will be 
maintained at 10+1. Now it will be titrated against O.OIM 
EDTA (Appendix 2.10) using Eriochrome Black T (Appendix 2.9) as 
indicator. At the end point colour will change from wine red 
to blue. 
Calculation : 
Hardness as mg/1 CaCO, = ml EDTA used x 1000 
•^  ml sample 
3.9.2.13 Total Alkalinity 
100 ml of sample will be taken in flask and 2 drops 
of phenophthalein indicator (Appendix 2.7) will be added. If 
the solution remains colourless/ than total alkalinity will 
be determined by adding 2-3 drops of methyl organge 
(Appendix 2Jll) to the same sample and will be titrated against 
O.lN HCl untill yellow colour changes to pink. 
Calculation : 
Total alkalinity = A x N of HCl x 50000 ^^^^^^ 
ml of sample 
Where/ 
A = ml of HCl used 
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If after adding phenophthalein, the colour of 
solution changes to pink/ than it will be titrated against 
O.IN HCl untill colour disappears. 
Calculation : 
ii -, • -^  B X N of HCl X 50000 , „,, x 
Total alkalinity = • (mg/1) 
ml of sample 
Where/ 
B = ml of HCl used with only phenophthalein 
3.9.2.14 Chloride 
50 ml of sample will be taken in a flask and to this 
5-6 drops of K_Cr_0. indicator (Appendix 2.1?) will be added. 
Then it will be titrated against standard AgNO^ solution 
(Appendix) till first brick red tinge appears. A blank will 
be titrated simultaneously. 
Calculation : 
Chloride = A-B x 0.0141 x 35450 (^ g^/i) 
ml of sample 
Where/ 
A = ml titration for sample 
B = ml titration for blank. 
3.9.2.15 Phosphate 
100 ml of clear and free from colour and turbidity 
will be taken to which 0.05 ml of phenophthalein indicator 
will be added. If the solution turns pink/ strong acid 
solution will be added dropwise to discharge the colour. If 
more than 0.25 ml strong acid is required then the sample 
will be diluted to 1000 ml with double distilled water. 
After discharging the pink colour with acid/ 4 ml of 
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molybdate reagent will be added. After 10 minutes/ the 
colour will be measured photoelectrically at 690 nm and 
comparison with the calibration curve will be done using 
double distilled water as blank. 
Calculation : 
Mq P X 1000 (rr,r./^\ 
Phosphorus = —*; :; (mg/1) 
ml sample 
sampl*
3.9.2.16 Sulphate 
Sulphate will be estimated by Turbidimetric method. 
In 50 ml of sample, 2.0 ml of conditioning reagent 
(Appendix 2.13)will be added. The sample will be stirred on a 
magnetic stirrer and during stirring/ small quantity of 
BaCl_ crystals will be added. After one minute the reading 
will be taken on a spectrophotometer at 420 nm. The 
concentration of sulphate will be found out from the 
standard curve/ which will be drawn by taking different 
concentration of standard sulphate solution. 
3.9.3 Estimation of Heavy Metals 
The discharge of industrial wastewater may contain 
heavy metals. Many of heavy metals are toxic even at very 
low concentrations. Therefore/ the irrigation water will be 
analysed for the following heavy metals. 
i) Cadmium 
ii) Zinc 
iii) Copper 
iv) Manganese 
v) Iron 
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vi) Nickel 
vii) Chromium 
viii) Lead 
Heavy metal analyss in all samples will be done with 
the help of Atomic Absorption Spectrophotometer. 
3.10 Soil Analysis 
Soil from agricultural fields where treated waste-
water will be used for irrigation purposes will be analysed 
for their physico-chemical characteristics in order to judge 
their effects. Beside this soil analysis will evaluate such 
of the soil properties which are known to have a direct 
impact on the productivity of the soil as well as its 
fertility status. 
Here is the list of parameters/ which will be studied 
in the composite soil samples, taken before sowing and after 
harvest of each experiment. 
1 
ii 
iii 
iv 
V 
vi 
vii 
viii 
ix 
X 
xi 
Texture 
pH 
Total Dissolved Salts (TDS) 
Electrical Conductivity (EC) 
Cation Exchange Capacity (CEC) 
Organic Carbon (OC) 
Nitrate Nitrogen 
Phosphorus 
Potassium 
Sodium 
Carbonate and Bicarbonate 
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xii) Calcium 
xiii) Magnesium 
xiv) Residual Sodium Carbonate (RSC) 
XV) Sodium Absorption Ratio (SAR) 
xvi) Heavy Metals. 
3.10.1 Texture 
The texture of soil will be determined by a rapid 
procedure by feeling or rubbing the soil between the thumb 
and fingers. By taking small quantity of the dry soil/ and 
will be moistened and mixed thoroughly on a glass dish to 
form a soft ball. Then worked stiff and squeezed out between 
thumb and forefingers. The feel to fingers/ ease of forming 
ball/ stickness or grittiness/ whether forming soil ribbons 
or merely crumbling in seeging etc will be noted and then 
texture will be determined on this basis. Proficiency and 
accuracy can be gained through experience. 
3.10.2 £H 
Soil pH will be estimated in fresh sample with the 
help of pH meter. To 10 g of soil/ 25 ml of double distilled 
water will be added and thoroughly shaken. After a lapse of 
30 minutes pH of the suspension will be taken. The pH meter 
will be checked with a standard buffer of known pH. 
3.10.3 Total Dissolved Salts (TDS) 
200 ml of filtered sample of 1:2 (soil : double 
distilled water) will be evaporated in the evaporating dish 
on the water bath. 
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Calculation : 
TDS = ^-^ ^ ^Q°° (g/1) 
Where/ 
A/B = weight of evaporating dish before and after 
evaporation respectively. 
V = Volume of sample taken in ml. 
3.10.4 Electric Conductivity (EC) 
20 g of soil will shaken intermittently with 40 ml of 
double distilled water in the conical flask for one hour and 
allowed to stand. The conductivity of the supernatant liquid 
will be determined with the help of conductivity meter 
directly. The apparatus will be adjusted to a known 
temperature of the solution. 
3.10.5 Cation Exchange Capacity (CEC) 
10 g of soil samples will be taken in the flask and 
to it 10 ml of 2N HCl will be added. It will be shaken for 
30 minutes/ then filtered and washed with double distilled 
water till it becomes free from chloride ions, which will be 
tested with AgNO_. The residue will be transferred from the 
filter paper to another flask. Then 10 ml of saturated KCl 
solution will be added and will be shaken for 30 minutes and 
left overnight. This filtrate will be titrated against O.lN 
NaOH using phenolphthalein as indicator. 
Calculation : 
CEC = Vol- of 0-lN NaOH x N of NaOH (j^  eq/g) 
weight of soil sample 
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3.10.6 Organic Carbon (PC) 
It will be done according to the method given by 
Walkley and Black (1934). 2g soil will be taken in 500 ml 
conical flask. To this, 10 ml of IN potassium dichromate 
solution and 20 ml concentrated sulphuric acid and will be 
shaked for 2 minutes and kept on an asbestos mat for 30 
minutes. Now' 200 ml double distilled water will be added to 
it followed by 10 ml orthophosphoric acid (85%). The 1 ml 
diphenylamine indicator (Appendix 3.1 ) will be added 
resulting appearance of deep violet colour and will be 
titrated against 0.5 N ferrous ammonium sulphate solution 
till the colour changes to purple and finally green. 
Simultaneously a blank will be run. 
Calculation : 
Percent total organic carbon = 
= Blank titre - Actual titre ^ g 0Q3 ^ 100 x N 
weight of soil sample 
Where/ N = Normality of ferrous ammonium sulphate 
3.10.7 Nitrate Nitrogen 
Nitrate nitrogen will be estimated according to the 
method of Ghosh et al. (1983). 20 g of soil will be shaken 
continuously with 50 ml of distilled water for 1 hour in a 
100 ml conical flask fitted with a rubber stopper. A pinch 
of CaSO. or CaO will be added and shaken for few minutes. 
Then the content will be filtered through a Whatman No. 1 
filter paper. 20 ml of clear aliquot will be transferred to 
a 50 ml porcelain dish and will be evaporated to dryness on 
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a stream bath. Then/ it will be cooled and 3 ml of phenol 
disulphonic acid reagent (Appendix 3.3) will be added. After 
10 minutes/ 15 ml of double distilled water will be added 
and stirred with a glass rod untill the residue is 
dissolved. After cooling/ the contents will be washed down 
into a 100 ml volumetric flask. To this ammonia (1:1) will 
be added slowly mixing well till the solution becomes 
alkaline/ which will be indicated by the yellow colour due 
to the presence of nitrate. Then/ another 2 ml of ammonia 
will be added and finally the volume made upto 100 ml with 
double distilled water. The intensity of yellow colour will 
be read in the photo-electric colorimeter using 420 nm. 
Standard curve for nitrate will be prepared by using 
a stock solution containing 100 ppm nitrate nitrogen (NO^-N). 
This will be diluted to 10 ppm NO^-N/ Aliquots (2, 5, 10/ 20 
and 25 ) are evaporated on boiling water bath to dryness in 
small procelain dish. After cooling 3 ml of phenol 
disulphonic acid will be added. The colour will be read as 
described above. The calibration curve is drawn between 
concentration of NO^-N and colorimeter reading. 
Calculation : 
NO_-N = ug of NO--N in test solution x 0.28 (kg/ha) 
3.10.8 Available Phosphorus 
The available phosphorus content will be readily 
determined by extraction with suitable reagents according to 
specified soil to solution ratio and time of shaking. In the 
filtered extract/ phosphorus is estimated colorimetrically. 
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The two extracts and procedures which will be used are given 
as follows : 
Olsens Method (Olsen et £l. 1954) 
To 2.5 g of soil sample in a 100 ml conical flask/ a 
pinch of Darco G-60 or equivalent grade of activated carbon 
(free of phosphorus) will be added followed by 50 ml of 
Olsen's reagent (Appendix3.4)• A blank will be run without 
soil. The flask will be shaken for 30 minutes on a platform 
type shaker and the content will be filtered immediately 
through dry Whatman No. 1 filter paper. In the filtrate, 
phosphorus will be estimated colorimetrically by Dickman and 
Bray's (1940) method. 
5 ml of soil extract will be pipetted into 25 ml 
volumetric flask to which 5 ml of Dickman and Bray's reagent 
(Appendix3.5) will be added drop by drop with constant 
shaking till the effervescence due to CO^ evolution ceases. 
The neck of the flask will be washed down and the contents 
diluted to 22 ml. Then, one ml of stannous chloride solutoTon 
(Appendix 3.6)will be added and volume made up to the mark. The 
intensity of blue colour will be measured using 660 nm 
filter/ just after 10 minutes and the concentration of 
available phosphorus will be determined from the standard 
curve. With each set of samples a blank will be taken. 
Standard curve for phosphorus will be prepare by 
taking 0.439 of well dried analytical grade potassium 
dihydrogen orthophosphate (KH2PO.) and dissolved in 500 ml 
of double distilled water. To this 25 ml of 7N H SO 
2 4 
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(Appendix ) will be added and final volume will be made to 1 
liter with double distilled water. This will give 100 ppm 
stock solution of phosphorus. Now 2 ppm solution will be 
made using stock solution and different concentration of 
phosphorus (1/ 2/ 3/ 4, 5 and 10 ml of 2 ppm solution) will 
be taken in 25 ml volumetric flasks. To these, 5 ml of 
Olsen's reagent will be added and colour will be developed 
by adding Dickman and Bray's reagent and stannous chloride. 
The colour will be read at 660 nm and standard curve will be 
plotted taking the colorimeter reading on the vertical axis 
and amount of phosphorus in horizontal axis. 
Calculation : 
Total volume of extractant „ 
Available phosphorus = R x Volume of aliquot 
1 2.24x 10^ 
weight of soil taken ^g6 
(kg/ha) 
Where/ 
R is ppm phosphorus aliquot (to be seen from standard 
curve). 
3.10.9 Available Potassium 
5 g of soil sample will be shaken with 25 ml of 
neutral normal ammonium acetate of pH (Appendix 3.7) for 5 
minutes and will be filtered immediately through a dry 
Whatman No. 1 filter paper. Potassium concentration in the 
extract will be determined using a flame photometer after 
necessary setting and calibration of the instrument. 
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Calculation : 
Available Potassium 
10"' 
Where/ R = ppm of potassium in the extract. 
- R V volume of extract „ 2.24 x 10^ i-i^„/v.^\ 
- ^ X :—— ——-—-— X 7 (kg/ha; 
weight of soil taken ,„6 '^ 
3.10.10 Sodium 
Sodium will be determined directly with the help of 
flame photometer, using appropriate filters and standard 
curves by taking known concentrations of sodium. 
3.10.11 Carbonate and Bicarbonate 
50 ml of 1:5 extract (soil : water) will be taken in 
a conical flask and the rest of the procedure will be the 
same as mentioned in water analysis (page 80 ). 
3.10.12 Calcium and Magnesium 
In soil sample/ calcium and magnesium will be 
analysed with the method suggested by Chopra and Kanwar 
(1982) which is as follows. 
3.10.12.1 Preparation of HCl Extract 
First of all HCl extract will be prepared for the 
estimation of both/ calcium and magnesium. 
20 g of well dried soil sample will be placed in a 
500 ml conical flask. To thiS/ 200 ml of HCl will be added. 
Then/ it will be boiled gently for one hour on a hot plate. 
It will be filtered through Whatman No. 50 filter paper 
fitted in a Buchner funnel. The washing for residue with hot 
water containing 50 ml HCl/1 will be continued untill 500 ml 
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of the extract is obtained. It will be used for estimation 
of calcium and magnesium. 
3.10.12.2 Calcium 
Combined filtrate and washings will be concentrated 
to about 50 ml. To thiS/ 5 g of ammonium chloride will be 
added and by adding NH OH (1+1) it will be made slightly 
alkaline. Standard solution of ammonium oxalate will be 
added as long as precipitation occurS/ followed by its 
slight excess. Calcium ions will be converted into calcium 
oxalate. Then, 2 drops of methyl red indicator, followed by 
0.1 N HCl (Appendix) will be added till the colour changes 
to light pink. Now, it will be heated to boiling and allowed 
to stand for three hours. It will be filtered and dissolved 
with HCl (1+10). The filter paper will be washed 5-6 times 
with hot water. Calcium will be precipitated again by adding 
ammonium hydroxide and ammonium oxalate solution. It will be 
filtered again through the same way as mentioned earlier in 
this procedure. The filtrate and hot water washing will be 
reserved for the estimation of magnesium. The precipitate of 
calcium oxalate will be dissolved in dilute sulphuric acid 
and titrated against 0.05N KMnO. solution. 
3.10.12.3 Magnesium 
To the combined magnesium filtrate and washings from 
calcium determination, 2 ml of citric acid, 100 ml of 
ammonia and 50 ml of ethyl alcohol will be added, followed 
by the addition of 25 ml of 10% ammonium phosphate with 
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constant stirring. It will be allowed to stand overnight. 
The solution will be filtered and final volume will be made 
upto 100 or 150 ml. To this solution 10-15 ml of ammonia and 
2 drops of ammonium phosphate will be added. It will be 
stirred vigorously and allowed to stand for 3 hours or 
longer. It will be filtered through a gooch crucible and 
will be washed with ammonia (1+9). A filter paper will be 
moistened with saturated ammonical solution of ammonium 
nitrate. Precipitate will be ignited and weighed as Mg2P20^ 
and percentage of magnesium will be calculated as weight of 
magnesium = weight of Mg-P-O- x 0.2162. 
3.10.13 Residual Sodium Carbonate (RSC) 
It will be calculated in the following manner 
RSC = iCO- + HCO- ) iCa"^ "" + Mg"^ "") 
3.10.14 Sodium Absorption Ratio (SAR) 
It will be calculated as 
Na_ 
SAR = Ca2+ + Ma2+ + Mq^  
3.10.15 Estimation of Heavy Metals 
Since the treated wastewater of Mathura Oil refinery 
will be applied as the source of irrigation water, thus 
there may be accumulation of some heavy metals in the soil 
from this wastewater. Therefore/ like irrigation water, here 
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also in soil samples heavy metals will be analysed. Heavy 
metals will be analysed after digesting the soil sample, 
with the help"of Atomic Absorption Spectrophotometer. 
3.11 Statistical Analysis 
The experimental data will analysed statistically 
following the procedures explained by Gomez and Gomez 
(1984). In applying the 'f testS/ the error due to 
replicates will be determined. If 'f value will be found to 
be significant/ at the 5 per cent level of probability/ 
critical difference (CD.) will be calculated. 
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A P P E N D I X 
A P P E N D I X 
PREPARATION OF REAGENTS 
1.0 Reagents for Chemical Analysis of Plant 
1.1 Molybdic Acid (2.5%) : 6.25 g ammonium molybdate will be 
dissolved in 75 ml ION H-SO.. To this solution 175 ml 
2 4 
double distilled water (DDW) will be added in order to 
get 250 ml of the above reagent. 
1.2 Aminonaphthol Sulphonic acid : 0.5 g l-amino-2-naphthol-
4-sulphonic acid will be dissolved in 195 ml 15% sodium 
bisulphite solution to which 5 ml of 20% sodium sulphite 
solution will be added. The above solution will be 
stored in a dark bottle. 
1.3 Reagent A : 2 percent sodium carbonate + O.lN sodium 
hydroxide (1:1) . 
1.4 Reagent B : 0.5 percent copper sulphate + 1 percent 
sodium tartarate (1:1). 
1.5 Reagent C : Alkaline copper sulphate solution obtained 
by mixing 50 ml of reagent A with 1 ml of reagent B. 
1.6 Reagent D : Carbonate copper sulphate solution same as 
reagent C, except for omission of sodium hydroxide. 
1.7 Reagent E : IN acid Polin reagent, 100 g of sodium 
tungstate and 25 g of sodium molybdate will be dissolved 
in 700 ml of DDW and kept ina 1500 ml flask. Then, 50 ml 
of 85 percent phosphoric acid and 100 ml of concentrated 
hydrochloric acid will be added. The flask will be 
connected with a reflux condenser and boiled gently on a 
II 
heating mantle for 15 hrs. At the end of the boiling 
period, 150 g lithium sulphate/ 50 ml water and 3 to 4 
drops of liquid bromine will be added to the flask. The 
reflux will be removed and the solution will be boiled 
for 15 minutes to remove excess bromine. It will be 
cooled and diluted to 1,000 ml with DDW. 
The strength of this acidic solution will be 
estimated by titrating it with IN solution of NaOH using 
phenophthalein as an indicator. It will be then diluted 
to the required strength (IN). 
2.0 Reagentsfor Water Analysis 
2.1 NTU (40) : (a) 1.0 g hydrazine sulphate will be 
dissolved in DDW and final volume will be made to 100 
ml. (b) 10.0 g hexamethylene tetramine will be dissolved 
in DL and final volume will be made to 100 ml. Now 5 ml 
of each of the above solution (a and b) will be mixed 
and will be allowed to stand for 24 hours at 25+3°C/ 
then final volume will be made to 1000 ml. 
2.2 Manganous Sulphate Solution : 100 g of starch will be 
dissolved in 200 ml of boiled DDW and filtered. 
2.3 Alkali Iodide Azide Solution : (a) 500 g of NaOH or 700g 
of KOH and 150 g of KI will be dissolved in DDW and 
final volume will be made to 1 litre, (b) 10 g of sodium 
azide will be dissolved in 40 ml of DDW. Finally both 
solutions/ (a) and (b) will be mixed together. 
Ill 
2.4 Starch Solution : 1 g of starch will be dissolved in 100 
ml of warm (80°90°C) DDW and a few drops of formaldehyde 
solution will be added. 
2.5 Phosphate Buffer : Each/ 8.5 g KH2PO4' 21.75 g K2HP0^/ 
33.4 g Na^HPO .7H 0 and 1.7 g NH^Cl will be dissolved in 
DDW to prepare 1 litre of solution. pH will be adjusted 
to 7.2. 
Magnesium Sulphate : 82.5 g of MgS0^.7H20 will be 
dissolved in DDW to prepare 1 litre of solution. 
Calcium Chloride : 27.5 g of anhydrous CaCl- will be 
dissolved in DDW to prepare 1 litre of solution. 
Ferric Chloride : 0.25 g of FeCl-.6H 0 will be dissolved 
in DDW to prepare 1 litre of solution. 
2.6 Ammonium Purpurate Indicator : 150 mg dry will be 
dissolved in 100 g ethylene glycol. 
2.7 Phenolphthalein Indicator : 0.25% solution will be made 
in 60% ethyl alcohol. 
2.8 Methyl Red Indicator : 0.5% solution will be made in 95% 
alcohol. 
2.9 Eriochrome Black Indicator : 0.5 g dry will be dissolved 
in 100 g 2/2/2-nitritotriethanol. 
2.10 EDTA (0.01 M) : 3.723 g EDTA dihydrate also called 
(ethylene dinitrolo)-tetra acetic acid disodium salt 
will be dissolved in DDW and diluted to 1000 ml. 
2.11 Methyl Orange Indicator : 0.5 h of methyl orange will 
dissolved in 100 ml DDW. 
IV 
2.12 Potassium Chromate Indicator : 50 g KjCrO^ will be 
dissolved in DDW. To this AgNO- solution will be added 
until a definite red precipitate will be formed. After 
overnight stand/ it will be filtered and diluted to 
1 litre with DDW. 
2.12.1 Standard Silver Nitrate Titrant (0.0141N) : 2.395 g 
AgNO^ will be dissolved in ddw and it will be diluted 
to 100 ml. 
2.13 Conditioning Reagent : 50 ml glycerol will be mixod in 
a solution containing 30 ml cone. HCl + 300 ml DDW -;-
100 ml 95% ethyl propyl + 75 g NaCl. 
3.0 Reagents for Soil Analysis 
3.1 Diphenylamine Indicator : 0.5 g diphenylamine will ^^ 
dissolved in a mixture of 20 ml of DDW and 10 0 ml of 
cone. H-SO.-2 4 
3.2 Ferrous Ammonium Sulphate (0.5N) : 196 g of 1-^  'rpt^ l 
ferrous ammonium sulphate (FeSO^(NH-) S0^6H 0) will be 
dissolved in DDW. To this 20 ml of cone. H„SO. vill ^ -^  
2 4 
added and finally volume will be maintained to 1 litr^. 
3.3 Phenol Disulphonic Acid : This will be prepared by 
taking 25 g of pure phenol (CgH^OH/ Crystal white) in :? 
dry conical flask (500 ml) to which 150 ml concer -' d 
sulphuric acid (nitrate free) will be mixed carefully. 
Now this will be kept on boiling water bath for 2 hours. 
After cooling it will be stored in amber cc' -• i 
bottle. 
3.4 Olsen's Reagent : 42.0 g of NaHCO- will be dissolved in 
DDW to give one litre of the solution. The pH will be 
adjusted to 8.5 with small quantities of NaOH. 
3.5 pickman and Bray's Reagent : 15 g of ammonium molybdate 
will be dissolved in 300 ml of warm DDW (about 60°C). 
Then it will be cooled and filtered if necessary, "'o 
this, 400 ml of 10 N-HCl will be added and finally the 
volume will be maintained to one litre. 
3.6 Stannous Chloride Solution : 10 g of crystaline stannous 
chloride (LR) will be dissolved in 25 ml of concentre^ -'^ i^ 
HCl by warming and will be stored in amber colour-^  i 
bottle. This will be 40% SnCl^ stock solution. Ju'-t 
before use, 0.5 ml will be diluted to 66 ml with DDW. 
3.7 Ammonium Acetate Solution (Neutral and Normal) : 
Solution of 2 N acetic acid (glacial) and 2 N ammonium 
hydroxide will be mixed in equal amounts. 
